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ADVERTISEMENT  TO  FOURTH  EDITION. 

In  issuing  a  Fourth  Edition,  the  writer  bogs  to  state 
that  want  of  leisure  has  provented  him  from  adding 
fresh  matter,  but  he  has  taken  the  opportunity  to  insert 
a  note  on  the  collapsing  pressure  of  tubes  at  p.  313, 
and  also  to  make  a  correction  in  the  tables  following, 
with  a  view  to  keeping  the  collapsing  pressure  of  the 
tubes  less  than  the  crushing  strength  of  the  material. 

116,  Queen  Victoria  Street, 
London  E.C. 


PREFACE  TO  THE  FIRST  EDITION. 


This  book  does  not  pretend  to  give  any  new  facts  or  opinions 
upon  the  subject  of  which  it  treats.  Any  claim  to  attention  it 
may  deserve  is  based  upon  its  being  an  attempt  to  embody  the 
principles  of  boiler  construction  and  management,  together  with 
numerous  opinions  collected  from  the  writer's  experieuco  in 
boiler  inspecting,  and  from  various  sources  not  accessible  to  the 
majority  of  those  engaged  or  otherwise  interested  in  the  appli- 
cation of  steam. 

Many  of  those  opinions  advanced,  which  are  founded  on 
experience,  may  require  repeated  modification  with  increased 
opportunities  of  observation  and  as  new  light  is  brought  to 
bear  on  the  various  questions  by  further  experiments. 

As  anything  like  a  complete  history  of  boiler  progress  is 
beyond  the  scope  of  such  a  small  work  as  this,  only  a  slight 
sketch  of  the  salient  points  has  been  attempted  in  the  first 
chapter.  A  complete  history,  accompanied  by  remarks  pointing 
out  the  defects  that  have  led  to  the  disuse  of  many  inventions 
connected  with  boiler  work,  would  be  of  real  service  to  many, 
for,  judging  by  the  frequency  of  the  repetition  of  old  defects,  it 
would  appear  to  be  even  more  important  to  know  what  to  avoid 
than  what  to  adopt  in  designing  new  boilers. 

It  is  almost  impossible  in  a  work  like  this  to  mention 
authorities  for  all  the  information  given.  Where  considered 
necessary,  the  authorities  have  been  cited ;  but  it  may  be 
desirable  to  specially  enumerate  the  following  works  that  havo 
been  most  largely  drawn  upon  for  information : — Sir  W. 
Eairbairn's  "  Useful  Information  for  Engineers,''  Peclet's 
"  Traite  de  la  Chaleur,"  Professor  Eankine's  "  Steam  Engine 
and  other  Prime  Movers,"  Mr.  D.  Kirkaldy's  ' '  Experiments  on 
Wrought  Iron  and  Steel,"  Mr.  E.  J.  Eeed's  "  Shipbuilding  in 
Iron  and  Steel,"  and  numerous  articles  in  ' '  The  Engineer," 
"Engineering,"  and  " The  Mechanics'  Magazine." 


May,  1873. 
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STEAM  BOILERS. 


CHAPTER  L 

INTRODUCTORY. 

The  enormous  development  attained  by  tho  system  of  em- 
ploying steam  is  to  bo  ascribed  to  its  commercial  success.  Only 
so  long  as  it  coutiuues  to  bo  regarded  as  less  costly  than  other 
i.gents  will  steam  retain  its  present  position  as  a  motive  power, 
and  for  the  various  purposes  in  chemical  and  other  manufactures 
to  which  it  is  so  largely  applied. 

Yet  there  are  certain  theoretical  considerations  in  connection 
with  the  present  mode  of  employing  steam,  which,  regarded  in 
the  abstract,  clearly  indicate  that  we  are  by  no  means  justified 
in  concluding  that  it  is  the  most  economical  motive  power 
obtainable.  Many  attempts  have,  in  consequence,  been  made 
to  replace  steam  as  a  prime  mover,  but  without  success,  as  there 
are  found  inseparably  connected  with  the  employment  of  all 
other  agents  certain  practical  difficulties  which  have  as  yet 
proved  insuperable. 

It  is  not  likely  we  shall  soon  see  these  obstacles  overcome  ; 
and  even  supposing  the  successful  employment  of  some  more 
suitable  prime  mover  were  rendered  practicable  to-morrow,  it 
would  be  so  long  before  the  present  arrangements  could  be  re- 
placed, that  it  would  still  be  to  our  interest  to  strive  to  improve 
our  modes  of  employing  the  agent  we  now  possess,  and  to  in- 
quire in  which  direction  further  progress  in  its  economical  appli- 
cation seems  to  set. 
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It  is  long  since  theoretical  deductions  indicated  the  economical 
advantages  to  be  derived  from  the  use  of  high  steam  pressures 
combined  with  high  grades  of  expansion  in  the  cylinder.  The 
practical  difficulties  that  stood  in  the  way  having  been  gradually 
and  successfully  overcome,  the  result  has  been  the  marked 
changes  from  the  7-lb.  and  10  lb.  pressures,  so  common  forty 
years  ago,  to  the  pressures  of  from  70  lbs.  to  150  lbs.  at  present 
employed,  and  the  more  general  employment  of  the  higher  pres- 
sures will  be  demanded  as  the  advantages  of  using  steam  expan- 
sively become  more  generally  recognised. 

One  of  the  impediments  to  progress  in  this  direction  is  the 
difficulty  of  obtaining  reliable  vessels  of  sufficient  strength  and 
simplicity  combined  with  moderate  cost  of  construction  and 
maintenance  for  generating  and  containing  the  steam. 

This  difficulty  can  scarcely  be  said  to  be  in  a  fair  way  of 
solution,  judging  from  the  numerous  prodigies  boiler  engineering 
has  called  into  existence.  It  is  not  intended  here  to  describe 
the  boiler  of  the  future — that  cannot  be  done  until  experience 
shall  have  shown  the  advantages  and  defects  of  the  many  high 
pressure  tubulous  boilers  recently  introduced,  and  which  are  as 
yet  only  on  their  trial — but  rather  to  set  forth  the  principles  of 
construction  and  management,  a  knowledge  of  which  is  essential 
to  the  safe  and  economical  employment  of  the  types  of  boiler  at 
present  chiefly  used. 

A  steam  boiler  may  be  defined  as  a  close  vessel  in  which 
steam  is  generated.  It  may  assume  an  endless  variety  of  forms, 
and  can  be  constructed  of  various  materials. 

Boiler  making  now  holds  an  important  position  among  the 
practical  arts.  Its  progress  has  been  aided  chiefly  by  the  in- 
creased facilities  of  procuring  suitable  materials,  by  the  improve- 
ments made  in  working  them,  and  also  by  our  better  acquaint- 
ance with  the  laws  on  which  the  safety  and  economy  of  boilei 
construction  and  management  depend. 

In  the  early  days  of  the  steam  engine,  vessels  of  copper  and 
cast-iron  were  used  for  generating  the  steam  in.  It  is  recorded 
that  structures  of  stone,  and  even  of  wood  with  internal  flues 
of  copper  and  iron,  were  at  one  time  employed.  These,  how- 
ever, were  probably  not  subject  to  any  but  atmospheric  pressure. 
The  high  price  of  copper  must  forbid  its  ever  being  used  exten- 
sively, when  cheaper  materials  are  to  be  found.  When  pressures 
of  7  lbs.  to  10  lbs.  above  the  atmosphere  came  into  use,  cast- 
iron  was  found  unreliable  and  treacherous  for  the  boilers  as  at 
that  time  constructed.    It  was  therefore  discarded  in  favour 
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of  wrought  iron,  which  was  probably  not  employed  at  first  in 
consequenco  of  the  difficulty  found  in  working  it  and  in  making 
Ueam-tight  joints.  It  has,  however,  of  late  years  become  the 
material  employed,  almost  to  the  entire  exclusion  of  all  others. 

Now  that  steel  has  been  introduced  for  boiler  making,  we  can 
not  look  forward  to  any  further  progress  in  the  direction  of 
obtaining  a  stronger  material.  Any  effort  to  increase  the 
strength  of  boilers  should  therefore  be  aimed  at  improving  their 
shape  and  the  disposal  of  material.  This  has  been  done  con- 
spicuously in  the  case  of  the  various  spherical,  tubulous,  and 
Other  so-called  "unit,"  "  segmental,"  or  "  sectional  "  boilers 
recently  introduced. 

Tho  variety  of  shapes  in  which  boilers  are  made,  and  in  the 
attainment  of  which  much  ingenuity  has  been  exercised,  is  due 
to  tho  various  ends  they  have  been  designed  to  meet.  Among 
these  may  be  mentioned  strength,  durability,  amallneai  of  bulk 
and  weight,  saving  of  labour  and  material,  greater  extent  and 
efficiency  of  heating  surface,  improvement  of  circulation,  preven- 
tion of  smoke,  economy  of  fuel,  facility  of  examination,  clean- 
ing, and  repairs. 

A  very  early  form  of  steam  boiler  was  made  spherical,  of 
cast-iron,  with  the  fire  underneath. 

Owing  to  its  limited  heating  surface,  it  was  soon  replaced 
by  vessels  more  favourable  in  this  respect.  A  cylinder  with 
flat  bottom  and  curved  top,  having  encircling  flues,  was  soon 
adopted.  To  increase  the  strength  of  tho  bottom,  it  was  found 
necessary  to  .arch  it  inwards.  With  a  view  of  obtaining  still 
more  heating  surface,  the  vertical  cylinder,  in  its  turn,  gave 
way  to  the  horizontal  oblong  boiler.  When  wrought  iron  camo 
into  use,  larger  dimensions  than  had  hitherto  been  employed 
were  ventured  upon,  and  the  "  Wagon  "  boiler  first  made  by 
Watt,  and  so  much  in  vogue,  especially  in  Lancashire,  thirty 
years  ago,  was  at  length  produced.  After  passing  through 
various  modifications  of  form,  designed  with  a  view  to  increase 
the  strength  and  amount  of  heating  surface,  this  type  is  now 
rarely  to  be  met  with.  Its  tendency  to  change  of  shape,  even 
in  spite  of  elaborate  staying,  renders  it  unfit  for  the  pressures 
now  commonly  employed. 

With  inclined  sides  and  hemispherical  top,  the  old  vertical 
cylindrical  boiler  developed  into  the  "Haystack,"  or  "Bal- 
loon" boiler,  of  wr ought-iron.  This  shape  enjoyed  a  long  run, 
and  many  specimens  are  still  to  be  found  in  the  Staffordshire 
district,  some  of  them  as  large  as  20  feet  in  diameter. 
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Owing  to  the  want  of  heating  surface,  and  liability  to  give 
way  at  the  bottom,  these  boilers  are  disappearing  before  those 
of  the  present  smaller  cylindrical  type,  which,  on  account  of 
their  strength,  are  now  mostly  employed. 

The  simplest  is  that  of  the  horizontal,  externally-fired  class, 
with  flat  or  cambered,  but  most  commonly  with  hemispherical, 
ends,  called  the  " Egg-end"  boiler.  To  increase  the  extent  of 
heating  surface,  without  adding  to  the  bulk  of  the  boiler,  the 
internal  flue  was  introduced,  through  which  the  hot  gases 
passed  on  their  way  to  the  chimney. 

In  order  to  economise  fuel,  the  fire  was  at  last  placed  inside 
the  tube,  giving  us  the  "  Cornish"  boiler,  its  name  being  taken 
from  the  district  where  it  was  first  mainly  employed.  In  con- 
sequence of  the  weakness  of  the  large  diameter  of  the  single 
internal  flue,  when  a  large  grate  area  was  required,  two  flue 
tubes  instead  of  one  were  adopted,  which  gives  us  the  (t  Lan- 
cashire "  boiler. 

Numerous  modifications  of  these  two  types  are  to  be  found. 
There  is  the  "  Breeches-flued  "  boiler,  having  the  two  furnace 
tubes  combining  into  one  long  tube  behind  the  bridge.  The 
weak  form  of  the  combustion  chamber  or  neck  uniting  the 
double  furn'ace  tubes  with  the  single  flue  tube,  which,  however, 
admits  of  being  strengthened,  has  been  the  source  of  frequent 
disasters.  This  defect,  although  not  incurable,  along  with  the 
diminished  heating  surface  of  the  single  tube,  has  led  to  the 
disuse  of  this  boiler.  There  is  also  the  "  Butterly 99  boiler, 
with  circular,  or  elliptical,  internal  flue.  The  conca.ve  arch  at 
the  front  end,  which  was  introduced  to  obtain  a  larger  fur- 
nace, is  of  very  weak  shape,  and  renders  this  boiler  unsuit- 
able for  high  pressures.  It  is  consequently  passing  out  of 
date. 

Another  description  is  the  multitubular  boiler.  The  number 
of  small  tubes  are  introduced  to  gain  more  heating  surface. 
The  weak  point  of  some  specimens  of  this  class  is  the  combus- 
tion chamber,  which  requires  strengthening  by  water  tubes  or 
other  means. 

In  order  to  increase  the  amount  of  heating  surface  and 
the  strength  of  the  large  internal  flue  tubes,  as  well  as  to 
improve  the  circulation  of  the  water,  small  transverse  water 
tubes  have  been  added  to  the  main  tubes.  The  most  conspicuous 
example  of  this  modification  of  the  "Lancashire"  is  the 
"  Galloway 99  boiler,  which  has  long  found  favour  with  steam 
tisers.    The  weak  elliptical  tube,  when  its  form  is  not  too 


INTRODUCTORY. 


ft 


irregular,  can  bo  adequately  strengthened  by  tho  vertical 
conical  water  tubes,  and  tho  whole  made  capable  of  sustaining 
as  great  a  prossuro  as  any  of  tho  internally- fired  class  enume- 
rated. 

It  must,  howover,  not  bo  forgotten  that  the  advantages  just 
mentioned  are  gained  by  the  sacrifice  of  simplicity,  and 
they  increase  tho  difficulty  of  examination,  cleaning,  and 
repairs. 

Tho  "French  or  Elephant"  boiler,  with  its  two  "  bouilleurs " 
or  heaters  below  connected  by  water  tubes  to  tho  main  shell 
above,  though  much  used  in  France,  has  not  come  greatly  into 
use  in  this  country. 

Tho  various  forms  of  vortical  boilers  with  chimneys  or  flues 
passing  through  tho  steam  space,  maybe  described  as  modifi- 
cations of  tho  "Cornish"  type  placed  on  cud.  By  altering 
the  posture,  howover,  many  properties  of  the  boiler  are  mate- 
rially affected. 

Tho  vertical  is  tho  most  protean  of  all  the  types  of  boilers, 
and,  as  a  rule,  tho  most  wasteful  of  fuel.  At  the  same  time, 
their  convenient  shape  renders  them  an  invaluable  adjunct  to 
many  branches  of  industry. 

Tho  "llastrick"  boiler,  used  extensively  at  iron  works, 
is  a  vertical  cylindrical  boiler  of  large  diameter,  with  one 
central  longitudinal  fluo  tube,  communicating  with  two  or  mere 
horizontal  tubes  through  which  tho  gases  from  the  furnaces 
in  connection  pass  to  the  central  tube  on  their  way  to  tho 
chimney. 

Tho  "Locomotive"  typo  is  much  used  where  little  space  is 
available,  and,  when  the  ilat  surfaces  of  the  firebox  are  pro- 
perly stayed,  it  can  bo  made  a  very  servicable  and  reliable 
boiler  for  high  pressures  and  rapid  generation  of  steam. 

Some  of  tho  above-mentioned  boilers  have  circulating  and  heat- 
ing tubes  added,  such  as  Field's,  Gadsby's  and  others,  which 
add  greatly  to  their  steaming  power,  especially  when  new,  and 
also,  it  must  be  admitted,  to  their  complication. 

Besides  these  cylindrical  boilers,  which  are  more  or  les3  of  a 
simple  typo,  there  are  the  various  kinds  of  so-called  tubulous 
boilers  now  coming  rapidly  into  use.  These  are,  for  the  most 
part,  modifications  of  the  type  first  introduced  by  Woolf,  con- 
sisting of  numerous  pipes,  in  which  the  steam  is  generated, 
communicating  with  a  receiver  above,  in  which  it  accumu- 
lates. The  object  aimed  at  in  these  boilers  is  safety  from  dis- 
astrous explosions   and   economy    of  fuel.    For  very  high 
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pressures,  some  arrangement  of  this  description  will  doubtless 
como  largely  into  future  use,  but  at  present  the  design  of  more 
than  one  type  appears  to  be  in  a  transition  state,  and  several 
very  ugly,  though  not  fatal,  explosions  have  already  occurred 
with  some  of  these  so-called  incxplodable  boilers. 


CHAPTEB  II. 


STRENGTH  OF  CYLINDER,  SPHERE,  AND  FLAT  SURFACES. 

In  analysing  tho  various  forins  of  boiler  shells,  they  are  found 
to  resolve  themselves  iuto  tho  cylinder,  oval,  sphere,  cumbered 
aud  flat  surfaces. 

THE  CYLINDER. 

According  to  tho  well  known  law  of  hydrostatics,  the  prai 
§ure  of  steam  in  a  close  vessel  is  exerted  equally  in  all 
directions.  In  acting  against  tho  circumference  of  a  cylinder, 
the  pressure  must  therefore  bo  regarded  as  radiating  from 
the  axis,  aud  exerting  a  uniform  tonsional  strain  through- 
out the  enclosing  material.  Its  tendency  to  causo  longi- 
tudinal rupture,  or  to  rend  tho  cylinder  in  lines  parallel 
to  its  axis,  may  be  considered  as  a  force  acting  and  react- 
ing in  opposite  directions  to  divide  the  cylinder  iu  two. 
As  it  must  be  exerted  on  equal  areas  in  order  that  the  action 
and  reaction  may  be  equal,  this  divellant  forco  may  be  con- 
sidered as  the  pressure  exerted  on  tho  semi- circumference,  and 
tending  to  rupture  the  cylinder  in  a  plane  drawn  through  tho 
diameter.  It  follows,  however,  from  the  pressure  acting 
equally  in  all  directions,  that  the  whole  amount  exerted  on  the 
semi- circumference  i»  not  equally  effective  in  producing  strain 
perpendicular  to  the  diameter  through  which  the  cylinder  may 
be  assumed  to  rend. 

If  we  examine  the  forco  tending  to  cause  rupture  through 
the  horizontal  diameter  A  B.  (tig.  1),  we  shall  find  the  pres- 
sure is  exerted  directly  upwards  and  downwards  only  along  the 
vertical  diameter  C  D.  As  we  reced?  right  and  left  from  this 
line,  the  pressure  is  exerted  diagonally  with  diminishing  verti- 
cal effect,  to  produce  tension  at  A.  and  B. ,  until  it  vanishes 
altogether  when  we  reach  these  points.    The  radial  pressure 
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at  any  point  may  be  resolved  into  two  forces,  the  one 
vertical  and  the  other  horizontal.  It  is  evident  the 
latter  has  no  tensional  effect  at  A  B.  By  taking  the  com- 
ponent vertical  forces  at  an  infinite  number  of  points  in  the 
semi-circumference,  it  can  be  proved  that  their  sum  is  equal 
to  the  full  pressure  exerted  on  a  line  equal  in  length  to  the 
diameter. 

We  may  consider  the  cylinder  as  composed  of  a  number  of 
rings  of  a  unit's  length,  say  1",  placed  side  by  side,  each  of 
which  resists  the  pressure  independently  of  the  rest. 

Let  A  C  B  D  represent  such  a  ring,  and  let  P  =  pressure 
per  square  inch  ;  x  y,  a  very  small  portion  of  the  circumference, 

and  a  the  angle  it  makes 
Fig.  1.  with  A  B.    The  pressure  ex- 

erted upon  x  y,  along  the 
radius  which  passes  through 
its  centre,  will  be  P  X  x  y. 
If  we  decompose  this  force, 
the  vertical  component  will 
be  represented  by  P  x  x  y 
X  cosin.  a  ;  but  x  y  x  cos. 
a  is  equal  to  the  projection 
b  b  of  the  arc  x  y  on  the 
diameter  A  B.  The  vertical 
I  component  will  then  be  equal 

to  P  x  b  b,  and  the  sum  of 
all  the  vertical  components 

will  be  P  x  A  B. 

Hence  the  force  tending  to  rupture  the  cylinder  longitudinally 
is  represented  by  multiplying  the  diameter  by  the  pressure  on 
each  unit  of  surface.  As  this  applies  only  to  a  cylinder  of  a 
unit's  length,  it  is  evident  that  the  total  amount  of  force 
tending  to  divide  the  cylinder  in  lines  parallel  to  its  axis  is 
found  by  multiplying  the  above  product  by  the  length  of  the 
cylinder.  The  practical  truth  of  this  has  been  proved  by 
experiment. 

The  retaining  force  opposed  to  this  pressure  is  evidently  the 
resistance  of  the  material  at  the  two  opposite  sides  which  bear 
the  strain. 

The  manner  in  which  the  strain  is  borne  by  the  material 
depends  greatly  on  its  thickness.  When  this  is  considerable, 
compared  with  the  diameter,  as  in  hydraulic  presses  and 
cannon,  the  inner  layers  of  the  material  are  more  severely 
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taxed  than  thoso  on  the  outside.  This  difference  may  be  bo 
great  that  the  latter  render  no  material  assistance  to  the 
former.  If  wo  take  two  straight  bars  of  the  same  material  and 
section,  but  of  different  lengths,  and  submit  them  to  the  same 
tensile  strain,  they  will  bo  stretched,  within  certain  limits,  in 
proportion  to  their  length.  Suppose  a  bar  1  foot  long  is 
stretched  T\j  inch  by  a  given  weight,  then  a  similar  bar  10  feet 
long  would  bo  elongated  1  inch  by  a  similar  weight,  the  exten- 
sion being  simply  a  factor  of  tho  length.*  In  a  cylinder,  say 
of  3  inches  diameter  and  2\  inches  thick,  wo  may  consider  the 
thickness  as  divided  into  J, -inch  layers.  The  inner  layer  will 
have  a  mean  length  of  about  11  inches,  whilst  tho  outer  one 
will  be  about  23^  inches  long.  Suppose  tho  material  ju^t 
capable  of  bearing  an  elongation  of  -J\;  inch  per  foot,  then  the 
inside  layer  would  bo  damaged  by  an  internal  force,  that  would 
expand  tho  cylinder  inch  in  diameter,  whilst  the  outside 
layer  would  be  stretched  only  to  about  one-half  its  tensile 
limit,  being  twico  as  long  as  tho  other.  From  this  it  may  be 
seen  how  any  increase  in  thickness  beyond  a  certain  degree 
may  not  add  to  the  strength  of  the  cylinder.  Tho  thickness  of 
boiler  shells  and  tubes  is,  however,  so  small  compared  with 
their  diameter,  that  tho  tension  from  tho  radial  pressuro  may 
be  regarded  as  being  uniformly  distributed  throughout  tho 
material,  tho  whole  section  thus  acting  together  to  resist  the 
strain. 

Tho  strength  of  the  cylinder  to  resist  transverso  pressure  is 
therefore  proportionate  to  tho  thickness,  and  is  represented  by 
the  tenacity  or  tensile  strength  of  the  material  multiplied  by 
the  section  on  both  sides,  or  twice  the  thickness  multiplied  by 
the  length. 

At  the  moment  of  rupture,  this  retaining  force  ia  equal  to 
the  bursting  pressuro. 

Representing  tho  pressure  in  lbs.  per  square  inch  by  T, 
the  diameter  in  inches  by  D,  the  length  by  L,  tho  thickness  of 

*  From  the  results  of  some  tests  of  wrought-iron  bars,  Sir  W. 
Fairbairn  erroneously  deduces  a  rule  which  makes  it  appear  that  the 
rate  of  elongation  increases  with  the  decrease  of  length.  On  approaching 
the  breaking  strain,  a  bar  of  good  iron  of  uniform  section  always  chaws 
out  considerably  at  and  near  the  point  of  fracture.  The  amount  of  this 
local  elongation,  provided  it  be  free  to  act,  is  independent  of  the  length  of 
the  bar,  and  consequently,  the  ratio  it  bears  to  the  total  length  increases 
as  the  length  of  the  bar  decreases.  This  fact  has  evidently  been  over- 
looked, and  is  apparently  the  cause  of  the  error  which  has  been  generally 
accepted  until  indicated  by  Mr.  Kirkaldy. 
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the  material  in  inches  by  T,  and  its  tensile  strength  by  c  we 
have  at  the  point  of  rupture 

PDL=2T  L  c. 
The  factor  L  can  be  suppressed,  and  the  equation  stands — 


P  D  =  2  T  c. 


In  calculating  the  strength,  it  is  usual  to  consider  the  length 
as  unity.  The  correctness  of  this  is  here  shown,  the  extra 
pressure  due  to  increased  length  being  balanced  by  a  propor- 
tionate increase  of  material. 

Although  the  length  does  not  affect  the  strength  of  a  cylin- 
drical boiler  with  respect  to  the  action  of  the  internal  pressure 
per  se,  we  shall  afterwards  find  that  the  length  is  an  important 
condition  when  the  expansion  and  contraction  of  the  boiler  on 
its  seating  are  regarded  as  elements  of  weakness. 

From  the  foregoing  considerations,  it  is  obvious  that  the 
strength  of  a  cylindrical  boiler  to  resist  longitudinal  rupture  is  in 
direct  ratio  to  the  thickness  and  tenacity  of  the  material,  and 
inversely  as  the  diameter  and  the  pressure.  Speaking  theoreti- 
cally, and  assuming  the  material  of  a  cylindor  to  be  of  perfectly 
uniform  strength  throughout,  it  would  be  uniformly  stretched, 
and  its  diameter  increased  by  sufficient  pressure.  On  reaching 
the  bursting  point  it  should  give  way  all  round  its  circumference 
at  the  same  instant — in  fact,  be  "blown  to  atoms."  Of  course 
this  argument  is  entirely  hypothetical.  In  practice  there  are 
always  one  or  more  lines  of  less  resistance  through  which  the 
fractures  pass,  leaving  the  rest  of  the  material  comparatively 
intact. 

The  tendency  of  the  uniform  radial  pressure  is  to  maintain 
the  perfect  circularity  of  the  cylinder  and  to  restore  this  form 
when  it  is  departed  from.  Should  th©  cylinder  be  somewhat 
oval,  the  two  opposite  sides  at  the  extremities  of  the  minor 
axis,  having  a  greater  pressure  against  them,  will  have  a 
tendency  to  bulge  outwards  until  their  resistance  becomes  equal 
to  that  of  the  rest  of  the  circumference. 

This  equilibrium  of  pressure  and  resistance  can  only  be  main- 
tained when  the  circumference  is  perfectly  circular. 
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In  a  shell  of  wrought  iron,  the  perfect  circularity  cannot  be 
obtained  when  the  plates  overlap  longitudinally.  In  this  case 
the  deviation  from  the  accurate  circle  is  usually  but  trifling,  aud 
the  weakness  caused  by  the  lap  is  rather  to  bo  attributed  to  the 
•unequal  distribution  of  the  strain  through  tho  plates  at  the 
joint,  than  to  the  deviation  from  the  circular  form. 

In  a  cylinder  made  with  flat  ends,  tho  strength  imparted  by 
these  renders  it  less  liablo  to  stretch  at  the  extremities  than  at 
mid-length.  Such  a  cylinder  has  thus  a  tendency,  under  in- 
ternal pressure,  to  assume  tho  form  of  a  barrel. 

Assuming  tho  material  to  be  sufficiently  pliable,  like  india- 
rubber,  and  ablo  to  bear  suflicient  sti etching,  the  sides  would  Ihj 
further  curved,  and  the  spherical  form  be  eventually  attained  by 
mffioiently  increasing  the  pressure. 

In  very  short  cylinders,  tho  ends  play  an  important  part  in 
increasing  tho  resistance  to  bursting  longitudinally  ;  and  where 
the  length  does  not  exceed  tho  diameter,  the  strength  approaches 
that  of  a  sphero.  In  practice,  however,  local  weakness  arising 
from  various  causes — such  as  corrosion  of  plates  and  rivet  heads, 
flaws,  4:c. — may  lead  to  failure,  against  which  tho  aid  from  the 
ends  cannot  bo  counted  upon. 

Again,  in  oval  shaped  boilers,  the  end  plates  assist  materially 
in  maintaining  tho  shapo  against  the  tendency  to  become 
circular  under  internal  pressure.  Since  tho  aid  lent  by  the  ends 
diminishes  as  tho  distance  from  these  increases,  an  oval  boiler  is 
most  liable  to  change  of  form  at  mid  length. 

In  consequence  of  their  tendency  to  alteration  of  shape  under 
pressure,  it  is  almost  impossible  to  givo  any  rules  for  the  strength 
of  elliptical  boilers,  as  their  resistance  varies  with  every  change 
of  shape,  according  to  very  complicated  laws. 

We  have  now  to  consider  the  strength  of  a  cylinder  to  resist 
bursting  in  a  plane  perpendicular  to  its  axis.  The  force  tending 
to  divide  it  transversely  by  separating  two  contiguous  rings  is 
evidently  tho  amount  of  pressure  exerted  against  the  two  ends 
which  may  be  represented  by  the  area  of  the  cylinder  multi- 
tiplied  by  the  pressure  per  square  unit  of  surface,  or 

P  X   . 

4: 

The  resistance  opposed  by  the  cylinder  to  this  longitudinal 
force  is  measured  by  the  tenacity  of  the  material  and  the 
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amount  brought  into  play  to  withstand  the  pressure.  This  is 
evidently  the  whole  circular  section  of  the  cylinder,  and  as  the 
strain  acts  directly,  the  whole  tensile  resistance  of  the  material 
h  exerted.  The  strength  is  therefore  expressed  by  the  area 
of  the  annular  section  multiplied  by  the  tenacity  of  the  material, 
or  v  T  (T  +  D)  c,  when  rupture  is  about  to  take  place  the 
bursting  force  and  resistance  are  equal,  therefore, 


As  the  formula  for  the  longitudinal  strength  is 


on  comparing  these  two  formulae  we  see  that  with  the  same 
internal  pressure,  diameter,  and  thickness  of  shell,  a  cylindrical 
ooiler  is  twice  as  strong  transversely  as  longitudinally. 

It  must  not,  however,  be  concluded  from  this  that  a  cylin- 
drical boiler  is  always  more  liable  to  burst  from  longitudinal 
than  from  transverse  weakness.  Many  explosions  occur  from 
the  latter  source,  the  cause  of  which  we  shall  consider  fully 
when  treating  of  the  wear  and  tear  of  boilers. 

It  may  be  here  observed  that  in  most  experiments  on  the 
tenacity  of  metals,  the  material  is  not  subjected  to  any  lateral 
strain,  whereas  in  a  cylinder  under  internal  pressure  the  metal 
is  strained  both  longitudinally  and  transversely  at  the  same 
time.  The  question  then  arises  whether  this  circumstance  has 
any  influence  on  the  strength  of  the  material,  and  whether  we 
are  justified  in  taking  the  direct  tensile  strength  in  calculating 
the  resistance  of  a  cylinder.    This  question  has  long  been  set 
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T  (T  +  D)  c, 


T 

neglecting  — ,  which  is  usually  small,  we  get 
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at  rest  by  the  direct  experiments  of  Navior  on  wrought-iron 
spheres,  as  well  as  by  long  experience  with  boilers  at  work, 
which  show  conclusively  that  the  strength  of  the  metal  is  not 
affected  when  it  is  strained  simultaneously  in  all  directions, 
and  the  resistance  is  the  same  as  when  the  stretching  is  ex- 
erted in  one  direction  only. 

A  tablo  of  the  strength  of  wrought-iron  boiler  shells  of  dif- 
ferent dimensions  is  given  at  page  311. 

A  cylinder  or  tube  in  resisting  external  fluid  piessuro  may 
bo  considered  as  an  arch.  As  the  pressure  is  exerted  equally 
all  round  the  circumference,  tho  figure,  in  order  to  resist  it 
uniformly,  should  bo  similar  to  itself  all  round,  and  therefore 
a  circle.  Speaking  theoretically,  if  tho  circular  farm  be  per- 
fect, and  the  resistance  of  tho  material  quite  uniform  through- 
out, the  tondency  of  tho  pressure  will  be  to  diminish  the  dia- 
meter by  compression.  On  its  compressive  strength  being  ex- 
ceeded, it  will  depend  on  the  nature  of  tho  material  and  other 
conditions,  whether  the  thickness  of  the  cylinder  will,  increase 
in  proportion  as  the  diamoter  is  diminished,  or  whether  the 
material  will  also  bo  forced  out  at  right  angles  to  tho  pres- 
sure against  it,  thus  lengthening  the  cylinder. 

Tho  force  against  any  two  opposite  sides  tending  to  close 
them  together  by  forcing  out  tho  rest  of  the  circumference  at 
right  angles  will  be  exactly  balanced  by  tho  resisting  force  ex- 
erted here,  and  the  whole  pressuro  and  resistanco  will  be  in 
equilibrio  at  all  points  of  the  circumference. 

Should,  however,  the  figure  and  material  of  the  cylinder  not 
bo  perfect,  which  is  always  the  case  in  practice,  and  more  espe- 
cially in  tubes  of  considerable  diameter  compared  with  the 
thickness,  the  equilibrium  is  destroyed,  and  the  tendency  of 
external  pressure  is  to  aggravate  any  deviation  from  the  circular 
form  and  consequently  to  cause  collapse  by  excessive  pressure. 
The  collapsed  cylinder  may  assume  various  shapes,  depending 
upon  the  original  form  and  want  of  uniformity  of  strength  in 
the  material. 

It  has  been  shown  that  the  strength  of  a  cylinder  to  re>ist 
internal  pressure  was  not  affected  by  its  length,  when  we  disre- 
gard tho  extra  strength  imparted  by  the  ends.  But  it  is  other- 
wise with  a  cylinder  exposed  to  external  pressure,  its  power  of 
resistance  being  materially  influenced  by  its  length. 

The  important  part  played  by  the  length  of  a  cylinder  in  re- 
sisting external  pressure  is  not  generally  understood  ;  in  fact, 
until  a  few  years  ago,  it  was  altogether  unknown,  and  was  only 
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ascertained  by  experiment.  When  we  bear  in  mind  that  the 
tendency  of  internal  pressure  is  to  rectify  any  deviation  from 
the  circular  form,  whereas  external  pressure  tends  to  aggravate 
any  distortion,  it  can  be  clearly  seen  where  the  analogy  of  the 
two  cases  fails  in  considering  the  effect  of  the  length  upon  the 
power  of  resistance.  Were  the  cylinder  under  external  pres- 
sure theoretically  uniform  both  with  respect  to  material  and 
shape,  the  length  would  not  affect  its  power  of  resistance  if  we 
disregard  any  additional  strength  lent  by  end  attachments,  which, 
however,  in  this  case  would  exercise  only  a  limited  influence. 
Such  a  theoretical  cylinder  is  self  supporting  with  respect  to  tho 
pressure.  But  on  the  least  departure  from  the  shape  on  which 
this  self-supporting  principle  depends,  it  is  evident  that  the  as- 
sistance of  the  end  attachment  is  very  material  in  maintaining 
the  form  of  the  tube. 

The  value  of  this  assistance  will  decrease  as  the  distance 
from  the  ends  increases.  Hence  the  surface  of  an  irregular 
cylinder  or  oval  tube  may  be  regarded  as  a  beam  supported  at 
both  ends,  having  the  load  uniformly  distributed.  The  strength 
of  the  tube  must  therefore  be  dependent  on  the  laws  which 
govern  the  strength  of  beams.  Any  strip  of  a  unit's  width 
taken  for  estimating  the  strength  must,  however,  be  regarded  as 
a  beam  of  undefined  section,  in  consequence  of  the  strength 
imparted  by  the  arched  form,  and  the  material  on  either  side. 

The  rule  usually  employed  for  the  strength  of  cylindrical 
tubes,  subject  to  external  pressure,  is  deduced  from  the  results 
of  a  valuable  series  of  experiments  conducted  by  Sir  W.  Fair- 
bairn,  and  given  in  the  second  series  of  his  "  Useful  Informa- 
tion for  Engineers.5'    It  is  as  follows  : — 

P  =  806,300  x  —    (1) 

L  D 

a  convenient  modification  being 

P  =  33-61  x  (10°  *>  "   (2) 

LD 

For  facility  of  calculation  it  may  be  written, 

Log.  P  =  1-5265  +  2-19  log.  100  h  —  log.  L  D. 
Here  P  =  collapsing  pressure  per  square  inch. 
Jc  =  thickness  of  tube  in  inches. 
L  =  length  of  tube  in  feet. 
D  =  diameter  of  tube  in  inches. 
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Tho  ful lowing  numbers  usually  required  for  K*"lf  may  be 
useful : — 

8v*u 


(;:.) 
& 

(4) 

(,;.) 

Q 
(4) 

a 

©"■ 

(4f 
(if 

(4)'" 


9  \°-19 
5  \*M 

8  J 

rl3\-19 


0  02558. 
0-035S5. 
0-01803. 
=  00G210, 
.0-07820. 
x  0-09040, 

=  011071, 
=  0-13908. 
:01G353. 
1 0*19027. 
:0-21915. 
=  0*2502;. 
=  0*28364, 
:  0-35725. 


Instead  of  the  2 '19  power,  the  square  of  the  thickness  is 
usually  taken  as  being  sufficiently  correct  for  practice.  This, 
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it  may  be  remarked,  gives  a  higher  collapsing  pressure,  the 
thickness  being  always  in  fractions  of  an  inch  for  boiler  tubes. 
For  ordinary  lap-jointed  tubes,  the  square  of  the  thickness  gives 
a  result  nearer  the  collapsing  pressure,  found  by  experience  with 
boilers  in  use.  It  must,  however,  be  observed  that  the  experi- 
ments referred  to  were  made  with  tubes  of  a  length  not  ex- 
ceeding 15  diameters.  Theoretically  speaking,  when  this  pro- 
portion of  length  to  diameter  is  exceeded,  the  collapsing  pres- 
sure given  by  the  rule  is  too  high.  This  objection  applies, 
practically,  to  small  solid-rolled  wrought-iron  and  brass  tubes. 
But  when  the  tubes  are  made  up  of  courses  of  plates,  the 
lap  or  butt  joints  at  the  ring  seams  become  an  element  of 
strength,  the  tube  being  virtually  divided  by  these  into  so  many 
short  lengths.  These  transverse  joints  only  require  to  be  made 
sufficiently  strong,  in  order  to  render  the  distance  between  them 
the  actual  length  by  which  the  collapsing  strength  is  to  be 
measured.  The  most  important  result  of  this  fact  is  the  power 
it  gives  us  of  reducing  the  thickness  of  the  plates,  without 
diminishing  the  diameter  or  total  length  of  the  tube. 

Bearing  in  mind  that  the  strength  is  impaired  by  any  devia- 
tion from  the  true  circle,  it  is  obvious  that  the  employment  of 
the  lap  joint  for  the  longitudinal  seams  must  have  an  injurious 
effect  on  the  resisting  power  of  a  tube. 

In  the  experiments  referred  to,  two  tubes  were  tested,  37  inches 
long,  9"  diameter,  and  \"  thick,  one  having  single  riveted  lap 
joints,  and  the  other  butt  joints,  with  a  single  strip  at  the  longitu- 
dinal seams.  The  results  showed  a  loss  of  more  than  one  third 
in  strength  of  the  former,  as  compared  with  the  latter,  the  ratio 
being  7  : 10  nearly.  We  then  see  how  seriously  the  collapsing 
strength  of  even  a  short  tube,  only  four  times  the  diameter  in 
length,  is  impaired  by  a  departure  of  ^th  of  the  diameter  from 
the  circular  form,  and  the  necessity  of  welding  or  butting  the 
plates  when  great  strength  is  required.  In  practice,  however, 
the  longitudinal  seams  of  furnace  tubes  are  usually  arranged  to 
break  joint  in  successive  courses  of  plates.  This  arrangement, 
together  with  the  increase  of  strength  due  to  the  lap  at  the  ring 
seams,  appears  from  experience  to  bring  the  collapsing  strength 
fully  up  to  that  given  by  the  formula, 


P  - 


806,300  k2 
L  D 


(3) 


in  cases  where  the  circularity  is  not  departed  from  to  a  greater 
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extent  than  twico  the  thickness  of  tho  plates  composing  the 
tubo.    (See  note  on  page  313.) 

When  tho  plates  aro  arranged  so  that  their  length  in  a  longi- 
tudinal direction  is  short  and  the  longitudinal  seams  break 
joint,  tho  weakness  of  the  irregular  cylinder  is  not  so  likely  to 
be  in  line,  and  the  tube  is  therefore  stronger  than  when  the 
plates  aro  narrow  and  arranged  lengthwiso  along  tho  tube  with 
the  seams  in  line  from  end  to  end.  For  this  reason  tho  latter 
arrangement  should  not  be  employed  unless  the  tube  has  a 
large  margin  of  strength,  and  in  such  a  case  it  is  better  in  cal- 
culating tho  collapsing  pressure  to  uso  tho  2*19  power  of  the 
thickness  of  plate. 

Tho  difficulty  of  maintaining  tho  cylindrical  form  increases 
with  tho  diminution  of  tho  ratio  which  tho  diameter  of  tho  tube 
bears  to  tho  thickness.  This  is  not  taken  into  account  in  the 
formula  ;  but  experience  proves  that  it  need  not  bo  regarded 
when  the  diameter  does  not  exceed  150  times  tho  thickness. 

In  order  to  show  that  the  rule  for  the  strength  deduced  from 
his  experiments  on  tubes  of  limited  size  holds  good  for  tubus  of 
greater  length  and  diameter,  Fairbairn  records  some  experi- 
ments on  a  largo  scale  with  two  boilers  35  feet  and  25  feet  long, 
the  tubes  being  in  both  cases  3'  6*  diameter,  and  composed  of 
£  plates.  Tho  35-foot  tubo  collapsed  with  07  lbs.,  and  tho 
25-foot  tube  with  127  lbs.  per  square  inch.  By  formula  (l\ 
theso  pressures  should  have  been  respectively  04  lbs.  and 
89  lbs.  By  using  the  square  of  tho  thickness  as  in  formula  (3), 
those  figures  would  stand  78  lbs.  and  109  lbs.,  which  accords 
more  closely  with  the  results  of  the  experiments. 

In  actual  work,  tho  form  of  a  horizontal  furnace  tube  is 
probably  somewhat  distorted  by  the  heat,  which  is  greater  on 
the  top  than  on  the  bottom.  The  effect  of  expansion  by  heat 
on  a  loaded  arch  resting  on  its  abutments  will  be  to  increase  its 
height ;  but  it  will  depend  upon  the  original  shape  of  an  ordi- 
nary cylindrical  tube  pressed  externally  all  round  its  circum- 
ference, whether  the  effect  of  the  heat  acting  on  its  crown  will 
cause  an  increase  of  diameter  vertically  or  horizontally.  The 
application  of  heat  to  the  flattened  crown  of  a  slightly  oval 
furnace  tube  would  tend  to  restore  the  circular  form  were  the 
tube  not  under  pressure.  But  the  effect  will  be  altered  when 
it  is  pressed  all  round.  The  heat  will  now  farther  aid  the 
pressure  to  increase  the  distortion  by  forcing  out  the  sides. 
Should,  on  the  other  hand,  the  flatness  be  in  the  sides,  the 
heat  will  tend  still  farther  to  increase  the  height  of  the  crown, 
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and  so  again  add  to  the  distortion.  The  question  then  arises, 
whether  the  direction  of  the  elliptical  form  has  any  influence  on 
the  strength  of  a  horizontal  furnace  tube.  There  can  be  little 
doubt  that  the  tube  is  considerably  weaker  when  the  smaller 
diameter  is  vertical  than  when  it  is  lateral,  probably  owing  fco 
the  fact,  that  the  resistance  to  longitudinal  expansion  offered  by 
the  end  plates  tends  to  flatten  the  crown,  at  the  same  time  the 
heat  renders  the  plates  most  pliable  and  susceptible  to  the  in- 
fluence of  the  pressure  when  the  crown  is  flattened.  In  addition 
to  this,  the  pressure  due  to  the  displacement  of  the  water 
being  greatest  on  the  under  side,  its  effects  will  be  more  felt 
when  the  tube  is  flattened  vertically,  than  when  the  flattening 
occurs  laterally. 

In  elliptical  tubes  the  resistance  to  flattening  varies  inversely 
as  the  largest  radius  of  the  curvature.  The  weakness  of  such 
tubes  was  clearly  shown  in  Fairbairn's  experiments.  A  tube 
14"  X  10J"  diameter,  5  feet  long  and  |-  inch  thick,  collapsed 
with  6*5  lbs.  pressure,  another  tube  20f  inch  x  If- J  inch 
diameter,  5  feet  1  inchlong  and  \  inch  thick  collapsed  at  1 27 \  lbs. 
per  square  inch.  These  results  show  that  the  general  formula 
applies  sufficiently  correctly  to  elliptical  tubes  by  substituting 
for  D  the  diameter  of  the  larger  circle  of  curvature  in  the  tube, 
2 

or  D  =  .  where  L  and  S  are  respectively  the  major  and  minor 

S 

axes  of  the  ellipse. 

The  comparative  weakness  of  cylindrical  tubes  under  ex- 
ternal pressure  will  be  seen  from  what  has  been  stated  above, 
and  the  formuloe  given  are  sufficient  data  to  enable  us  to  find 
an  expression  for  the  maximum  length  of  a  cylindrical  tube 
having  a  collapsing  strength  equal  to  the  bursting  strength  of 
any  given  diameter  of  boiler. 

Taking  the  strength  of  a  single  riveted  joint  as  26,340  lbs. 
=  c  ;  p  =  internal  or  bursting  pressure  ;  K  =  thickness  ; 
D  =  diameter  and  inches  ;  L  =  length  in  feet,  we  have 

52,680  k 


tvhere  P  =  external  or  collapsing  pressure,  we  have 


P 


_  806,300  x  K2 
DL 


TIIE  SPI1ERE.  lO 

Calling  R  tljo  ratio  of  boilor  tubo  diameter  to  shell  diameter, 
wo  get, 

L 


<vheu  P  =  p9  wo  Lave 

-      15  *3  x  K 
R 

Taking  a  Cornish  boiler  of  J  plates,  having  a  tubo  one-half  tho 
diameter  of  shell  : 

L  =  15-3  X  -375  x  2  =  11  47 feet 

Thus  we  see  that  tho  boilor  in  this  case  should  \ot  exceed 
11 J  feet  in  length  to  bo  equally  strong  in  shell  and  tube.  As 
the  former  will  not  bo  impaired  by  lengthening,  we  have  only  to 
mako  tho  latter  in  Hi  feet  lengths,  in  order  to  preserve  an 
equality  of  strength  in  tubo  and  shell,  having  their  diameters 
in  the  ratio  of  1  :  2,  whatever  length  tho  boiler  may  be. 
A  tablo  of  collapsing  pressures  is  given  on  page  314. 


THE  BPHBKA 

From  what  has  already  been  stated  concerning  the  action  of 
hteam  pressure  in  a  close  vessel,  it  will  readily  be  seen  that  in 
order  to  resist  the  pressure  throughout  its  whole  surface  in  an 
equal  manner,  the  containing  vessel  must  bo  similar  to  itself  in 
all  its  parts.  This  property  is  possessed  only  by  the  sphere, 
which  renders  it  the  best  of  all  forms  for  res  i- ting  internal 
pressure. 

To  tho  sphere  also  belongs  the  property  of  containing  tho 
greatest  volume  within  a  given  amount  of  surface,  ami  owing  to 
this  the  internal  fluid  pressure  tends  to  make  any  containing 
surface  assume  the  spherical  form. 

By  employing  a  modification  of  the  reasoning  we  used  in 
demonstrating  that  the  internal  pressure  tending  to  rupture  a 
cylinder  in  lines  parallel  to  its  axis  is  to  be  measured  by  the 
diameter,  and  not  by  the  semi- circumference  of  the  cylinder, 
we  should  find  that  the  internal  pressure  tends  to  burst  a 
sphore  through  the  largest  plane  we  can  draw  through  it,  and  is 
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to  be  measured  by  the  area  of  its  diameter,  and  not  by  that  of 
the  hemisphere.  The  divellent  force  can  therefore  be  repre- 
sented by  the  formula, 

T>  1)2  * 

P  X  . 

4 

The  resistance  opposed  to  this  force  is  that  due  to  the  tensile 
strength  of  the  material  multiplied  by  the  area  of  its  section 
in  the  circumference  of  the  sphere  and  can  be  expressed  by 

TT  T  (T  +  D)  c ; 

when  rupture  is  about  to  take  place  these  two  formukc  must  be 
equal,  therefore 

P-^=rT(T  +  D)c, 
whence  we  get,  as  at  page  12 

the  same  expression  that  we  obtained  for  the  transverse  strength 
of  a  cylinder.  The  sphere  therefore  is  twice  as  strong  as  a 
cylinder  of  the  same  thickness  and  diameter  is  longitudinally. 

The  relative  strengths  of  the  sphere  and  cylinder  may  be  con- 
sidered in  another  manner  : — taking  the  diameter  of  a  sphere  as 
unity,  its  circumference  is  3*14159,  and  area  0*7854.  A 
cylinder  of  the  same  diameter  and  equal  sectional  area  must  be 
•7854  long.  The  sum  of  the  two  sides  is,  therefore,  1*5708, 
or  half  the  circumference  of  .  the  sphere,  and  therefore  only 
half  as  strong.  This,  of  course,  leaves  out  of  consideration  the 
strength  imparted  by  the  ends  which,  however,  cannot  be 
counted  upon  when  the  cylinder  is  long  in  proportion  to  the 
diameter. 

In  a  cylindrical  boiler  of  uniform  thickness  throughout,  with 
hemispherical  ends,  the  strength  of  these,  being  portions  of  a 
sphere  of  the  same  diameter  as  the  boiler,  is  evidently  equal  to 
that  of  a  cylinder  of  equal  diameter  to  resist  transverse  rupture, 
and  twice  as  great  as  the  strength  in  a  longitudinal  direction. 
It  is  clear,  then,  that  the  ends  of  this  form  are  unnecessarily 
strong  compared  with  the  cylindrical  portion  of  the  boiler  in  its 
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power  to  resist  longitudinal  rupture,  by  which  the  strength  of 
the  boiler  is  measured. 

By  making  the  ends  cambered  to  a  radius  equal  to  the 
diameter  of  the  cylinder,  their  strength  will  be  equal  to  that  of 
tho  shell,  as  they  will  then  bo  portions  of  a  sphere  having  a 
diameter  double  that  of  tho  cylindrical  barrel.  By  this  moans 
we  employ  the  least  amount  of  material  consistent  with  ade- 
quate strength. 

In  diminishing  the  camber  of  tho  ends,  the  amount  of 
material  to  resist  being  torn  asunder  decreases  loss  rapidly 
than  tho  tensile  force  exerted  upon  it.  Tho  tensile  strength  of 
the  ends  is  therefore  increased  by  flattening,  although  their 
resistanco  to  bulging  is  reduced.  Their  efficiency  in  strengthen- 
ing tho  cylindrical  portion  of  tho  barrel  will  be  farther  increased 
as  tho  amount  of  camber  is  reduced.  Bat  as  tho  cylinder 
should  be  sufficiently  strong  of  itself,  tho  ends  are  not  required 
to  aid  it,' and  should  be  designed  simply  with  a  view  to  resist 
bulging  outwards  by  the  pressure. 

The  manner  in  which  a  cambered  end  plate  resists  bulging 
is,  perhaps,  best  understood  by  regarding  it  as  a  portion  of  tho 
sphere  to  which  it  belongs.  Tho  radial  pressure  in  this  case 
tends  to  maintain  the  form  of  the  segment  as  well  as  if  it  were 
a  whole  sphere,  and  tho  plate  will  fail  by  bulging  only  on  ex- 
ceeding what  would  bo  the  tensile  strength  of  the  material  in 
tho  sphere.  The  amount  of  pressure  sufficient  to  accomplish 
this  may  be  safely  taken  as  that  which  would  burst  the  sphere 
of  which  tho  segment  forms  a  part.  It  follows,  thcrefoic,  that 
the  relative  strengths  of  a  dished  or  cambered  end  and  a 
cylindrical  barrel  aro  found  by  comparing  the  radius  of  tho 
camber  with  the  diameter  of  the  cylinder. 

Tho  sphere  possesses  ono  property  for  a  boiler,  and  likewise 
also  the  cylinder,  yet  in  a  less  degree,  not  often  noticed,  but  the 
value  of  which  cannot  be  over  estimated,  viz.,  the  facility  with 
which  it  expands  on  the  application  of  heat  to  one  portion  of 
the  surface,  and  with  which  it  accommodates  itself  alike  to  the 
heat  and  the  pressure  without  throwing  auy  severe  thrust  or 
strain  to  cause  leakage  or  fracture  on  the  surrounding  parts 
that  may  be  comparatively  cool. 

FLAT  SURFACES. 

Advantage  is  usually  taken  of  the  self-supporting  property 
of  the  cylinder  and  sphere  in  constructing  parts  of  boilers 
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having  these  forms,  which  enables  them  in  most  cases  to  be 
made  sufficiently  strong,  without  the  aid  of  stays,  ties,  or 
other  support.  But  the  absence  of  this  self-sustaining  pro- 
perty in  flat  surfaces  necessitates  their  being  strengthened  by 
stays  or  other  means. 

Even  where  a  flat  or  slightly  dished  surface  possesses  suffi- 
cient strength  to  resist  actual  rupture,  it  is  yet,  generally 
speaking,  necessary  to  apply  stays,  to  provide  against  undue 
deflection  or  distortion,  which  is  liable  to  take  place  to  an  in- 
convenient degree,  or  to  result  in  grooving  long  before  the 
strength  of  the  plates  or  their  attachments  is  seriously  taxed. 

The  theoretical  investigation  of  the  strength  of  plane  sur- 
faces, such  as  the  flat  end  of  a  cylinder,  is  attended  With  con- 
siderable difficulty,  and  cannot  be  satisfactorily  pursued  with- 
out the  aid  of  the  higher  mathematics. 

The  formula  given  by  Professor  Rankine  for  the  strength  of 
a  flat  circular  plate  of  the  diameter  D,  and  supported  all  round 
the  edge  with  the  load  uniformly  distributed,  is  equivalent  to 
the  following  expression,  where 

P  =  Bursting  pressure  per  square  inch  in  lbs., 
D  =  diameter  of  cylinder  in  inches, 

t  =s  thickness  of  end  plate  in  inches, 

c  =  breaking  weight  of  the  material  in  lbs., 


Now,  taking  T  as  the  thickness  of  the  cylinder  that  resists 
longitudinal  rupture  under  the  same  conditions  of  pressure  as 
the  flat  end  plate,  we  had  above, 


PD2  ttD 
24tt 


6 


Whence  t  = 


T 


PD 

TV 


We  have  here  assumed  the  factor  c  to  be  the  same  quantity 
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for  a  tensile  and  a  cross  breaking  strain,  which  we  can  safely  do 
in  such  a  case  as  we  are  considering. 

The  last  formula  shows  tho  monstrous  thickness  it  would  bo 
■•quired  to  give  tho  unstayed  flat  end  of  a  cylindrical  boiler 
in  order  to  mako  it  equally  strong  with  tho  shell.  For  a  boiler 
only  3  feet  diameter  and  of  §"  plates,  single  riveted,  tho  solid 
i  end  plate  would  require  to  bo  about  2n  thick  to  comply  with 
this  condition.  It  is  obvious,  therefore,  that  for  boilers  of 
ordinary  diameter,  the  flat  ends,  if  of  moderate  thickness,  require 
to  be  well  strengthened  by  stays  or  ribs. 

When  longitudinal  tie  rods  are  employed  as  stays,  the  L  or 
T  irons  securing  them  to  tho  end  plates  are  usually  arranged 
horizontally.  Gusset  stays  are  usually  arranged  in  planes 
radiating  from  the  axis  of  tho  boiler.  The  best  arrangement 
for  T  iron  stiffening  ribs  will  depend  upon  tho  design  of  the 
boiler.  Each  series  of  longitudinal  stays  bears  the  pressure 
against  a  rectangular  portion  of  the  flat  end,  and  eaoh  gusset 
stay  sustains  tho  pressure  against  a  sector  of  tho  circular  area. 

The  flat  surface  between  two  series  of  stays  may  be  considered 
as  a  rectangular  beam,  fixod  at  the  ends,  and  uniformly  loaded, 
and  its  strength  calculated  accordingly,  tho  tendency  of  the  pres- 
sure being  to  split  tho  plate  up  the  middle  between  tho  stays. 

If  we  disregard  the  strength  imparted  by  the  end  attach- 
ments, we  may  employ  tho  usual  formula  for  tho  strength  of 
such  beams,  as  follows  : — 

Where  w  =  distributed  breaking  weight, 

I  =  width  of  plato  between  side  supports,  in  inches, 
b  =  length  of  plate  in  inches, 
d  =  thickness  of  plate, 

c  =  modulus  of  rupture  -  54,000  for  wrought  iron, 
P  =  pressure  in  lbs.  per  square  inch. 

w  I 

—  =  c  6  <*> 

Am  t»  =  P  I  ft 
P  I- 

"We  have  =  c  d\ 

2 

The  same  formula  may  be  used  for  estimating  tho  strength 
of  flat  surfaces  stayed  by  bolts,  such  as  the  sides  of  locomotive  fire 
boxes,  &c.  Tables  for  the  strength  of  stayed  surfaces,  calculated 
by  this  formula,  are  given  in  the  chapter  on  "  Construction." 


CHAPTER  III. 


PROPERTIES  AND  CHARACTER  OF  BOILER  MATERIALS. 

CAST  IRON. 

Cast  iron  is  the  name  given  to  a  material,  whose  physical 
properties  may  vary  through  a  wide  range  of  brittleness,  hard- 
ness, and  tenacity.  It  is  sometimes  found  so  brittle  as  to  be 
almost  incapable  of  being  worked  ;  at  other  times  it  is  found, 
or  rather  was  once  to  be  found,  exhibiting  such  toughness  as 
to  render  it  capable  of  being  chipped  by  a  chisel  or  bent  by 
pressure  equally  as  well  as  many  inferior  specimens  of  material 
now  sold  as  wrought  iron. 

That  cast-iron  is  unsuited  for  boiler  making  no  farther 
evidence  is  required  than  the  fact  of  its  almost  total  rejection 
for  this  purpose  after  having  had  a  fair  trial.  Yet,  despite 
the  unanimous  acceptance  of  its  condemnation,  it  must  be 
allowed  that  it  possesses  advantages  which,  considered  in  the 
abstract,  appear  to  render  it  the  most  eligible  of  the  scanty 
stock  of  materials  from  which  the  boiler-maker  has  to  make 
his  selection. 

Its  low  first  cost,  combined  with  facilities  of  working,  place 
it  in  the  first  rank  of  constructive  materials,  and  probably  led 
to  its  being  largely  used  for  boiler  making  in  the  early  days 
of  steam  engineering.  In  its  power  to  resist  wasting  on 
exposure  to  the  action  of  flame  in  a  boiler  furnace,  or  to  the 
atmosphere  when  in  contact  with  moisture,  it  is  superior,  if  oj 
suitable  quality,  to  wrought  iron,  and  also  in  its  power  of  resisting 
the  corrosive  action  of  the  feed  water  and  of  acids  found  in  the 
products  of  combustion. 

Inferior  strength  alone  can  scarcely  be  regarded  as  a  bar  to 
its  employment  in  vessels  for  resisting  pressure,  when  we  con- 
sider that  the  strength  of  a  structure  like  a  steam  boilei 
depends  as  much  on  its  size  and  form  as  on  the  actual  strength 
of  the  material.    The  employment  of  cast  iron  to  bear  great 
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pressures  in  our  wator  mains,  hydraulic  presses,  and  cannon, 
>roves  that  low  tensilo  strength  alone  would  not  prevent  its 
idoption  for  boiler  making,  as  any  disadvantage  on  that  score 
5-ould  bo  outweighod  by  its  constructive  and  other  advan- 
tages. 

As  an  instance  that  the  breaking  strength  alone  of  a  material 
Ls  no  tost  of  its  eligibility  for  sustaining  high  steam  pressures, 
t  may  be  mentioned  that  the  employment  of  copper  for  flat 
rarfaces  in  locomotive  fire  boxes  meets  with  great  favour  in 
phis  country,  in  spito  of  its  being  in  that  form  the  least 
idaptod  of  all  boiler  making  materials  for  resisting  pressure. 
Everything  in  this  instanco  is  sacrificed  to  malleability, 
luctility,  and  high  thermal  conducting  power.  15y  proportioning 
their  diameters  in  the  ratio  of  their  tensile  strength,  cast  and 
wrought  iron  cylinders  or  spheres  can  bo  made  of  equal  strength, 
with  the  samo  thickness  of  metaL  The  difference  between  the 
itrengths  of  cast  and  wrought  iron  vessels  in  the  form  best 
idapted  to  the  constructive  properties  of  each,  is  by  no  means 
io  great  as  it  may  at  first  sight  appear.  With  single  rivoting 
we  can  not  take  the  strength  of  ordinary  plates  at  more  than 
12  tons  per  squaro  inch  at  the  joints.  Tho  tensile  strength 
)f  cast  iron  being  about  6  tons,  and  having  no  seams  or 
other  necessary  loss  of  strength,  it  follows  that  a  sphere 
)f  cast  iron  is  equally  as  strong  as  a  cylinder  of  wrought 
iron  singlo  ri voted  of  the  samo  diameter  and  thickness. 
But  when  both  materials  aro  used  in  tho  samo  form  to 
resist  tensilo  strain,  the  greater  thickness  that  must  be  given 
to  cast  iron,  in  consequence  of  its  inferior  tenacity,  raises 
its  cost  to  that  of  wrought  iron,  the  price  o  tho  materials 
being  in  proportion  to  their  cohesive  strength  in  the  finished 
structure. 

In  seeking,  then,  for  some  other  cause  than  the  inferior 
tenacity  to  account  for  the  rejection  of  cast  iron,  in  spite  of  its 
numerous  advantages,  we  shall  find  that  the  strong  feeling 
which,  notwithstanding  strenuous  individual  efforts  to  remove 
it,  exists  against  its  employment  for  boiler  purposes,  must  be 
\scribed  to  its  brittle  and  treacherous  nature. 

Besides  the  uncertainty  of  strength  caused  by  defective 
moulding,  and  tho  unequal  tension  on  different  parts  of  the 
?amo  pisce,  usually  ascribed  to  obscure  causes  in  the  process  of 
sastiug  and  cooling,  a  very  slight  hidden  or  surface  defect,  in  an 
Dtherwise  sound  casting,  is  sometimes  sufficient  to  lead  to  a  sudden 
uid  extensive  fracture.    Moreover,  cast  iron,  in  breaking,  seldom 
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gives  warning  by  indication  of  weakness,  such  as  usually  precedes 
the  failure  of  wronght-iron  structures.  The  risk  attending  its . 
use  in  large  masses,  in  consequence  of  its  treacherous  nature,  is 
greatly  aggravated  when  the  material  is  subject  to  the  strains 
caused  by  sudden  and  unequal  expansion  and  contraction  con- 
sequent upon  the  sudden  and  extreme  variations  of  temperature 
it  is  exposed  to  when  employed  for  vessels  to  raise  steam  in. 
To  this  cause  must  the  rejection  of  cast  iron  be  ascribed,  together 
with  the  dread  of  the  disastrous  effects  that  would  probably 
result  from  the  explosion  of  a  cast-iron  boiler  containing  a  large 
body  of  highly  heated  water,  which  would  probably  be  similar 
to  those  resulting  from  the  bursting  of  an  explosive  shell. 
When  wrought-iron  boilers  explode,  large  masses  of  plate 
usually  hold  together,  and  tend  to  mitigate  the  effects  of  the 
explosion. 

It  is  only  when  these  two  causes  act  conjointly,  viz.,  (1), 
untrustworthiness  of  the  material  when  exposed  to  trying 
trains,  and  (2),  dread  of  explosion  when  the  material  contains  a 
large  body  of  highly-heated  water,  that  cast  iron  is  deemed 
unsuitable  for  boiler  making,  as  may  be  seen  from  the  following 
considerations  : — 

1.  In  order  to  mitigate  the  disastrous  effect  that  would  ensue 
from  the  sudden  liberation  of  a  considerable  volume  of  water  at  a 
very  high  temperature,  on  the  bursting  of  a  large  vessel,  various 
types  of  cast-iron  "  sectional"  boilers  have  been  introduced. 
Being  composed  of  many  small  pieces,  either  spherical  or  cylin- 
drical, it  is  held  by  the  advocates  of  these  boilers  that  in  the 
event  of  one  portion  suddenly  giving  way  the  explosion  would 
be  con6ned  to  a  single  segment,  and  its  effects  would  be  insignifi- 
cant, as  the  hot  steam  and  water  would  be  gradually  discharged. 
It  is  for  this  reason  that  cast-iron  boilers  of  this  class,  although 
subject  to  the  same  variations  of  temperature  as  ordinary  steam 
generators,  are  employed  without  anxiety.  It  may  be  remarked 
that  the  unequal  straining,  and  consequent  liability  to  fracture, 
is  much  less  in  small  than  in  large  vessels. 

2.  There  are  some  cast-iron  boilers,  with  wrought-iron  internal 
flues,  whose  rupture  would  suddenly  liberate  a  sufficiently  large 
quantity  of  heated  water  to  cause  a  very  disastrous  explosion  ; 
yet  these  are  worked  without  fear  of  bursting,  as  they  are  not 
exposed  to  sudden  variations  of  temperature,  the  furnaces  being 
in  the  internal  tubes.  In  such  boilers,  however,  there  will  be  a 
marked  difference  of  temperature  between  the  top  of  the  shell 
and  the  bottom,  especially  when  starting  the  boiler  afresh 
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after  filling  with  cold  water,  which  must  strain  them  oon- 
•iderably. 

3.  When  not  ontering  into  the  construction  of  the  boiler 
itsolf,  cast  iron  is  almost  invariably  used,  except  with  marine 
boilers,  for  pipes  to  carry  the  steam  to  the  engine  cylinders  at 
tho  full  boiler  pressure.  These  cylinders  being  of  cast  iron  are 
very  often  of  larger  diameter  than  boilers  it  would  rightly  be 
deemed  foolhardy  to  make  of  the  same  material,  and  to  work  at 
the  samo  pressure.  This  apparent  inconsistency  admits  of 
ready  explanation.  In  tho  engine  cylinder  the  heat  Is,  com- 
paratively speaking,  uniformly  distributed.  There  are  wanting 
the  fire  and  currents  of  coll  air  through  the  furnace-doors  and 
bars  to  render  tho  material  untrustworthy  ;  and  when  the 
cylinder  does  happen  to  burst — by  no  means  a  raro  occurrence — 
the  quantity  of  water  present,  although  often  tho  actual  OMM 
of  fracture,  is  so  small,  and  at  bo  low  a  temperature,  as  to 
render  tho  effects  of  tho  bursting  comparatively  harmless  under 
ordinary  circum stances. 

A  largo  cylindrical  vessel  placed  horizontally,  with  a  fierce 
firo  acting  on  the  under  side,  and  but  moderately  heated  above, 
would  be  severely  strained  by  the  unequal  expansion.  A  brittle 
and  unyielding  substance  like  cast  iron  would  certainly  not 
stand  such  a  test  without  injury. 

In  order  to  bear  a  high  temperature  without  fear  of  fracture 
a  largo  cylinder  of  cast  iron  should  bo  heated  equally  all  round 
its  circumference,  yet  not  necessarily  along  its  entire  length  if 
tho  application  and  withdrawal  of  heat  bo  gradual,  and  if  the 
vessel  bo  free  to  expand  aud  contract  uniformly.  Such  a 
cylinder  is  therefore  less  adapted  for  a  horizontal  than  for  a 
vertical  position.  Tho  vertical  arrangement  for  large  cast-iron 
cylindrical  boilers  with  external  firing  was  formerly  used.  Its 
abandonment  was  probably  due  to  tho  small  amount  of  heating 
surface  this  arrangement  afforded.  In  order  to  increase  tho 
extent  of  this  surface  the  obvious  method  is  to  diminish  tho 
diameter  and  increase  the  number  of  cylinders  to  receive  the 
heat,  producing  at  the  same  time  a  stronger  and  more  efficient 
boiler.  This  has  recently  been  dono,  and  boilers  composed  of 
vertical  cast-iron  pipes  4  inches  or  6  inches  in  diameter  are  at 
present  employed  and  worked  at  pressures  as  high  as  80  lbs. 
or  90  lbs. 

The  difficulty,  or  rather,  inexpediency  of  repairing  the  vessel 
by  patching  is  another  reason  for  making  cast-iron  boilers  and 
similar  structures  in  small  segments,  the  replacing  of  a  defective 
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portion  being  by  this  means  attended  with  the  least  sacrifice  of 
material. 

It  is  sometimes  asserted  that  cast  iron  does  not  become 
covered  with  incrustation  so  readily  as  wrought  iron  or  copper. 
However  true  this  may  be  in  the  case  of  cast-iron  spheres, 
where  the  coating,  if  sufficiently  thick  and  brittle,  may  be 
cracked  off  by  the  inequality  of  expansion  between  itself  and 
the  metal,  it  is  certainly  not  the  case  with  respect  to  cast-iron 
pipes,  which  become  thickly  coated  over  with  a  scale  that  defies 
removal  when  bad  feed- water  is  used. 

Seeing  that  the  prevailing  types  of  wrought-iron  boilers 
having  large  cylindrical  shells  are  such  as  we  could  not  venture 
to  make  of  cast  iron,  and  that,  at  the  same  time,  cast  iron  can 
be  safely  used  in  certain  other  arrangements,  the  question  may 
arise  whether  the  prevailing  type  of  boiler  is  the  cause  or  the 
effect  of  the  rejection  of  cast  iron  in  favour  of  wrought  iron  for 
boiler  making.  If,  on  the  one  hand,  facilities  of  cleaning,  and 
examination,  and  repairs,  as  well  as  an  economical  fuel  con- 
sumption, render  the  present  boiler  of  large  section  superior  to 
any  other  form,  the  abandonment  of  cast  iron  would  certainly 
follow.  But  if,  on  the  other  hand,  the  untrustworthy  nature 
or  other  adverse  property  of  cast  iron  in  any  form  whatever 
resulted  in  its  rejection  in  favour  of  wrought  iron,  the  effect 
would  be,  without  further  consideration  of  economy,  the 
adoption  of  the  prevailing  types  as  being  the  most  suitable  for 
constructing  of  wrought-iron  plates. 

There  can  be  little  doubt  the  latter  conclusion  is  the  correct 
one.  The  difficulty  of  making  good  steam-tight  joints  when 
wrought  iron  first  came  largely  into  use  for  boiler  making,  would 
of  itself  preclude  the  use  of  cast  iron  in  small  segments,  the  only 
shape  in  which  it  can  be  safely  employed. 

At  the  present  day  the  increased  facilities  for  making  strong 
seamless  wrought-iron  tubes  of  various  sizes  will  exercise  con- 
siderable influence  on  the  design  of  the  boiler  of  the  future,  and 
probably,  to  some  extent,  indirectly  lead  the  way  to  the  larger 
introduction  of  cast-iron  segmental  boilers. 

Of  late  years  the  employment  of  cast  iron  in  connection  with 
boilers  has  been  chiefly  confined  to  the  larger  descriptions  of 
mountings  and  seatings,  and  to  steam  domes  and  chambers, 
For  the  former  it  will  doubtless  long  continue  to  be  used,  as  it 
here  possesses  advantages  superior  to  all  the  other  materials, 
except  brass,  whose  price,  however,  will  prevent  it  from  ever 
being  largely  used  for  land  boilers. 
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In  the  employment  of  cast  iron  for  boiler  mountings  care 
mould  be  taken  that  it  is  not  placed  whero  sudden  variations  of 
;emperaturo  are  likely  to  occur.  When  used  for  steam  dome* 
md  pipes  of  largo  diameter  a  largo  margin  of  safety  should  bo 
Umvided,  and  castings  of  thoso  descriptions  should  always  bo 
jarefully  tested  by  hydraulic  pressure,  to  guard  against  insidious 
lefects  and  errors  that  but  too  frequently  occur  in  the  foundry, 
md  which  it  is  impossiblo  to  detect  by  any  ordinary  optic  or 
tcoustic  tests. 

No  better  oxample  of  tho  treacherous  nature  of  sound  cast 
rou  can  bo  given  than  tho  fatal  explosions  of  steam  stop- valves 
,hat  havo  occurred  in  frosty  weather  through  opening  the  valve 
md  allowing  the  steam  to  enter  suddenly  from  the  upper 
portion  into  tho  lower  containing  water  at  a  low  tempe- 
•aturo,  which  has  caused  the  cast-iron  valve  casing  to  crack 
iko  glass,  from  the  unequal  expansion,  and  to  bo  violently 
down  about,  with  as  low  a  prossuro  as  10  lbs.  above  the  atmo- 
sphere . 

t  The  above  is  one  reason,  amongst  others,  why  a  range  of 
•team  pipes  shoidd  always  bo  arranged  or  provided  with  meaus 
;o  drain  the  water  from  condensation  away  from  the  end  where 
ihe  steam  enters. 

When  a  certain  amount  of  strength  is  required  in  a  casting, 
Lt  is  usual  to  specify  tho  mixtures  by  giving  the  names  and 
proportions  of  the  pig-iron  to  bo  used.  The  most  satisfactory 
course,  however,  is  to  specify  tho  tests  the  metal  must  bo 
capable  of  standing,  and  allow  tho  founder  to  choose  his 
[:>wn  mixtures,  which  will  vary  considerably  in  different  dis- 
tricts. 

With  regard  to  judging  the  quality  of  the  iron  by  an  inspec- 
tion of  tho  fracture,  this  is  by  no  means  a  simple  matter,  as  the 
ippearance  of  good  iron  is  found  to  vary  widely  in  dillerent 
Localities.  Such  defects,  however,  as  honeycombing  and  chills, 
irising  from  want  of  care  or  skill  in  moulding  and  running  the 
metal,  and  the  preseuce  of  particles  of  graphite,  showing  a 
defect  in  the  mixing,  are  unmistakable. 

The  strongest  irons  are  of  a  light  grey  colour,  without  much 
lustre,  close  grained,  and  sometimes  mottled.  Others  exhibit  a 
somewhat  fibrous  or  jagged  surface,  of  light  colour,  and  when 
closely  examined  are  found  to  be  close  grained.  On  the  othet 
hand,  a  blackish  or  bluish  grey,  with  large  loose  grains, 
and  having  generally  a  shiny  appearance,  indicates  inferior 
tenacity. 
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COPPER 

The  superiority  of  copper  for  boiler  making,  when  compared 
with  wrought  iron,  consists  in  the  uniformity  and  homogeneity 
of  its  texture,  freedom  from  lamination  and  blisters,  and  in  its 
general  trustworthy  character  when  well  selected  ;  in  its  great  re- 
sistance to  oxydising  influences  and  the  corrosive  action  of  many 
descriptions  of  feed  water  ;  in  the  manner  in  which  it  resists 
the  tenacious  adhesion  of  most  kinds  of  incrustation  ;  in  its 
great  ductility  and  malleability,  which  render  it  capable  of  being 
worked  with  great  ease  and  of  bearing  sudden  as  well  as  oft* 
repeated  racking  strains  :  in  its  being  a  better  conductor  of  heat, 
which  not  only  tends  to  give  it  a  higher  evaporative  power 
under  favourable  circumstances,  but  also  enables  it  to  last 
longer  when  exposed  to  a  fierce  wasting  heat  in  a  boiler 
furnace . 

Before  the  rolling  of  sound  wrought-iron  plates  in  large 
quantities  was  attended  with  the  certainty  of  recent  years, 
copper  was  rightly  considered  the  most  eligible  and  trustworthy 
material  for  steam  boiler  shells,  and  was  so  used  to  some 
extent,  but  owing  to  its  high  price  and  inferior  tensile  strength 
its  employment  for  this  purpose  has  long  been  abandoned  in 
favour  of  wrought  iron  and  steel.  But  for  its  high  price,  its 
non -liability  to  suffer  from  the  action  of  some  descriptions 
of  corrosive  feed  water  and  consequent  durability  would,  doubt- 
less, in  many  cases  outweigh  any  objections  on  the  score  of 
inferior  tenacity.  In  judging  of  the  comparative  cost,  it  must 
not  be  forgotten  that  old  copper  will  average  a  price  of  £66  per 
ton,  whilst  old  iron  will  not  fetch  more  than  £5  on  an  average, 
being  respectively  two-thirds  and  one-third  their  price  when 
new. 

The  softness  of  copper  when  used  in  a  comparatively  pure 
state  has  been  found  to  render  it  unfit  to  resist  the  abrasion  it 
is  subject  to  when  used  for  the  tubes  of  coal  and  coke-burning 
boilers,  for  which  purpose  its  facility  of  manufacture  at  one 
time  especially  recommended  it. 

The  use  of  copper  in  boiler  construction  is  now  almost  re- 
stricted to  the  fire-boxes  and  stays  of  locomotive  boilers.  Not- 
withstanding its  weakness  to  resist  pressure  when  employed  in 
a  fiat  surface,  especially  in  a  furnace,  its  high  heat-conducting 
power  and  ductility  are  considered,  in  this  country  at  least, 
to  render  it  more  suitable  than  wrought  iron  or  steel,  for 
bearing  the  intense  heat  and  unequal  strains  of  a  locomotive 
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furnaco.  Iu  Araorica,  and,  to  a  groat  extent,  on  the  con- 
tinent, iron  plates  of  half  the  thickness  are  successfully  used 
iu  stead. 

There  can  be  little  doubt  that  tho  quality  of  copper  lifts 
deteriorated  of  late  years,  much  of  it  being  now  of  a  compara- 
tively hard  and  brittle  quality. 

One  adverse  property  possessed  by  copper,  in  which  it  pre- 
sents a  marked  contrast  to  iron  and  steel,  is  the  great  diminution 
of  its  tensile  and  transverse  strengths  at  moderately  high  tem- 
peratures. From  numerous  experiments  undertaken  by  the 
Franklin  Institute  in  America,  it  was  found  that,  taking  a 
temperature  of  32°  Fahrenheit  as  a  standard,  every  increment  of 
heat  caused  a  diminution  of  tenacity  in  copper  plates.  Thus  a 
cold  strip  capable  of  carrying  10,000  lbs.  was  only  capable  of 
carrying  7,500  lbs.  when  heated  to  a  temperature  of  500  ,  and 
at  11200°,  a  visible  red  heat  in  daylight,  no  more  than  about  a 
tenth  part  of  the  strength  remained. 

Table  of  Diminution  of  Strength  of  Cupper  H  iter  Vlates  v:Ju  n 
heated.  Their  standard  strength  at  3*J°  b>  tog  32,800  lbs. 
per  square  inch. 


Temperature 
abovo  lit'. 

Diminution 
of  Strength. 

above  3:J\ 

Diminutioa 
of  Btrongthi 

1 

90° 

0-0175 

9 

660° 

0-3425 

2 

180 

0-0540  | 

769 

0-1393 

3 

270 

0-092(5 

11 

812 

0-4944 

4 

300 

0-1513 

12 

8S0 

0-55*1 

5 

456 

0-2046 

13 

089 

06691 

6 

460 

0-2133 

14 

1000 

0-6741 

7 

513 

0-2446 

15 

1900 

0-S861 

S 

532 

0-2558 

16 

1300 

1-000 

From  the  above  it  is  seen  that  in  being  heated  from  tho 
freezing  point  to  the  boiling  point  of  water,  copper  loses  5  per 
cent,  of  its  strength  ;  at  550°  it  loses  about  one  quarter  of  its 
strength,  and  at  1332°  loses  all  its  tenacity,  becoming  a  viscid, 
granular,  soft,  incoherent  mass,  although  it  does  not  actually 
melt  until  it  reaches  nearly  2000°. 
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WROUGHT  IRON. 

Wrought  iron  is  the  material  which,  for  the  last  forty  years, 
has  been  by  far  the  most  extensively  used  for  boiler  making. 
The  reason  for  this  is  not  far  to  seek,  and  has  been  partially 
indicated  in  discussing  the  constructive  merits  of  cast  iron. 
The  great  tensile  strength  of  good  wrought  iron,  together  with 
its  ductility,  power  of  bearing  sudden  and  trying  strains,  and 
general  trustworthy  nature,  its  moderate  facilities  of  working, 
the  ease  with  which  it  can  be  welded,  riveted,  patched  or 
mended,  its  moderate  first  cast  compared  with  that  of  copper, 
are  all  important  advantages  which  contribute  to  its  value  and 
the  deservedly  high  esteem  in  which  it  is  held  for  the  con- 
struction of  vessels  exposed  to  the  ever  varying  and  trying 
strains  that  steam  boilers  have  necessarily  to  bear. 

As  it  is  mainly  in  the  form  of  plates  that  this  material  enters 
largely  into  the  construction  of  the  prevailing  types  of  boilers, 
we  will  at  present  confine  ourselves  to  it  in  this  form,  leaving 
the  not  less  important  consideration  of  its  strength  and  behaviour 
as  bar  iron  when  used  for  stays  and  angle  irons  to  be  subse- 
quently dealt  with. 

Wronght-iron  plates,  it  is  well  known,  are  manufactured  of 
different  qualities,  ranging  from  the  badly  refined,  coarse,  brittle 
and  uncertain  material  sometimes  sold  as  ship  plate,  through 
various  medium  qualities  to  the  valuable  "  Best  Yorkshire " 
plates,  so  justly  prized  above  all  others  for  boiler  making. 

In  consequence  of  competition  and  lowering  of  prices  we 
often  find  boilers  made  of  inferior  material  that  scarcely  deserves 
the  name  of  wrought  iron,  the  result  being  annoyance,  pecu- 
niary loss  in  the  long  run,  and  frequently  fatal  disaster.  It 
would,  indeed,  be  well  if  it  were  unnecessary  to  say  that  plates 
of  ship  quality  should  never  enter  into  the  construction  of 
boilers,  on  account  of  the  risk  to  life  and  property  that  always 
attends  their  use. 

For  a  long  time  the  "  Best  Best  "  and  "  Treble  Best  "  Staf- 
fordshire plates  have  deservedly  been  in  great  request  for  boiler 
making.  Formerly,  when  the  production  Gf  these  plates  was 
confined  to  the  locality  whence  they  derive  their  name,  and  to  the 
surrounding  district,  they  could  be  generally  trusted  as  being  of 
good  ductile  iron,  and  well  adapted  for  all  the  processes  in 
boiler  making.  Although  Staffordshire  plates  of  excellent  and 
reliable  quality  are  still  abundantly  manufactured,  those  of  so- 
called  "  Staffordshire  quality "  cannot  at  the  present  time  be 
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*)  generally  relied  upon,  and  care  should  be  exercisod  in  their 
♦election.  Thoy  are  made  in  different  parts  of  the  country, 
pheir  properties  depending  in  great  measure  up<  n  the  nature 
if  the  ores  and  fuel  found  in  tho  districts  where  they  aro  pro- 
lue«-d. 

Experience  has  shown  that  tho  plates  from  mills  where  only 
superior  qualities  are  made,  are  more  trustworthy  than  those 
•urned  out  by  the  mills  where  all  classes  of  phites  are  made, 
rom  tho  so-called  11  Low  Moor  quality M  down  to  the  veriest 
ihip  plates.  Instances  of  apparent  caprice  are  not  uncommon 
there  the  inferior  brands  prove  to  bo  equal  to,  and  oven 
>ettor  than,  what  aro  sold  as  the  superior  brands  from  the  same 
forks. 

When  groat  pressures  and  a  small  factor  of  safety  aro  em- 
ployed, or  when  the  plates  are  exposed  to  very  trying  condi- 
tions, we  cannot  be  too  careful  in  the  selection,  and  it  is  really 
\  matter  for  congratulation  that  trustworthy  plates  are  .-till  to 
>e  obtained,  and  that  makers  aro  to  bo  found  who  have  been 
kblo  to  hold  aloof  from  tho  reduction  of  prices,  and  at  tho  same 
ime  reduction  of  quality,  so  general  of  late  years.  The  most 
prominent  among  theso  aro  tho  so-called  u  Host  Yorkshire  " 
muses,*  who  only  turn  out  one  class  of  iron,  and  that  the  very 
j>est  (if  wo  except  some  of  tho  Swedish  and  Russian  brands). 
Their  plates  are  as  trustworthy  in  their  character  as  can  well 
>o,  and  so  highly  aro  thoy  esteemed  that  their  employment  is 
generally  understood  to  absolve  the  boiler-maker  from  blame,  in 
.he  event  of  failure  from  defect  of  material. 

Theso  plates  aro  not  more  commonly  used  solely  on  account 
>f  their  high  price  ;  and  there  is  good  reason  to  believe 
.hoy  will  bo  able  to  hold  their  own  in  price  until  steel  plates 
)f  an  equally  reliable  and  certain  quality  can  be  largely  pro- 
luced. 

Tho  use  of  tho  samo  brand  by  different  makers,  but  for 
lifferent  qualities  of  plate,  and  tho  diversity  in  the  names  of  tho 
>rands  employed  by  numerous  manufacturers  throughout  tho 
iouutry,  are  misleading  and  have  been  productive  of  much 
misunderstanding  and  annoyance.  The  "Crown"  plates  of 
me  house  may  be  of  fair  boiler-quality,  whilst  the  same  brand 

*  The  best  Yorkshire  houses  are  : — The  Low  Moor  Iron  Works,  near 
had  ford J  Taylor,  Brothers  &  Co.,  Leeds;  Bowling  Iron  Co.,  Dear  Brad- 
ord  ;  Farnley  Iron  Co.,  near  Leeds;  S.  T.  Cooper  k  Co.,  Leeds;  and 
Che  Monk  Bridge  Iron  Co.,  Leeds.  The  other  firms  who  make  ouly 
1  Best  Yorkshire  "  iron  do  not  roll  plates. 
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of  another  house  are  only  of  ship  quality,  and  not  intended  by 
the  manufacturers  for  boiler-making  at  all,  yet  are  unwittingly 
purchased  by  boiler-makers  who  have  been  in  the  habit  of  using 
"  Crown 93  plates.  The  "  Best  Scrap 99  plates  of  one  maker  will 
be  found  to  be  of  second  quality,  and  only  equal  to  the  "  Best 
Best 99  plates  of  another  house,  whose  "  Best  Scrap  99  are  equal  to 
the  "Best  Best  Best *  of  a  third  house.  Some  makers' 
"  Best  Best 99  plates  are  equal  to  the  "  Treble  Best 99  of  another 
house  in  the  same  district.  As  a  rule,  the  price  that  any 
given  brand  commands  in  the  market  is  the  only  criterion  of 
its  quality  ;  and  even  this  guide  is  not  infallible,  and  is  apt  to 
mislead  in  a  fluctuating  market.  It  would  be  a  great  boon  to 
boiler-makers  and  others  who  have  to  do  with  plates  if  some 
uniform  system  of  branding  them  according  to  their  quality 
could  be  agreed  upon  by  those  makers  who  roll  three  or  four 
different  qualities  ;  and  if  each  plate  were  stamped  on  both 
sides  with  its  brand,  date,  and  the  maker's  name.  A  few  makers, 
in  imitation  of  the  "  Best  Yorkshire  99  houses,  in  branding  their 
highest  quality  plates,  do  not  denote  the  quality,  but  simply  use 
a  name  or  device,  and  rely  upon  the  reputation  of  their  plates 
for  a  sale. 

The  first  quality  to  be  sought  for  in  a  boiler  plate  is  strength. 
This  does  not  necessarily  imply  the  mere  power  to  resist  being 
torn  asunder  by  a  dead  weight,  as  in  a  testing  machine,  but  the 
quality  to  withstand,  without  injury,  the  many  and  varying 
shocks  and  strains  it  is  exposed  to  in  the  boiler  yard  and  in 
actual  work. 

Many  inferior  plates  exhibit  as  great  a  cohesive  strength  as 
those  of  better  quality,  their  inferiority  consisting  in  their 
brittleness  or  shortness,  want  of  "  body  99  or  soundness,  im- 
perfect manufacture,  and  uncertain  character  or  quality.  Tough- 
ness and  ductility  combined  with  great  tenacity,  and  also 
closeness  and  uniformity  of  texture  and  constancy  of  quality, 
are  the  properties  and  character  to  be  sought  for,  and  which 
are  only  to  be  found  in  the  best  brands. 

The  strength  and  quality  of  a  plate  are  taxed  in  many  ways. 
In  the  hands  of  the  boiler  maker  and  smith  it  may  have  to 
undergo  the  various  processes  of  repeated  heating  and  cooling, 
hammering  hot  and  cold,  bending,  twisting,  flanging,  welding, 
and  punching.  Inferior  qualities  of  plate  cannot  always  be 
relied  upon  to  bear  the  ordeal  of  repeated  heating  and  cooling, 
as  they  often  warp  and  twist,  or  waste  away  in  a  curious 
manner,  show  defects  of  manufacture,  and  prove  unworkable^ 
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Some  plate3  of  otherwise  fair  quality  will  not  bear  hammering 
when  red  hot,  a  defect  usually  ascribed  to  the  chemical  pro- 
perties of  the  iron.  In  the  process  of  coM  bending  in  the  roll*, 
especially  to  a  Binall  radius,  minute  fractures  sometimes  occur 
on  the  outer  surfaco  of  the  plates  of  stubborn  but  fair  quality. 
These  are  most  frequently  seen  when  the  plates  arc  bent  across 
the  grain,  and  doubts  sometimes  arise  as  to  the  depth  the 
fractures  penetrate  into  the  body  of  tho  iron.  Cracks  in  the 
scale  adhering  to  tho  plates  are  sometimes  erroneously  taken  for 
tho  fractures  here  referred  to. 

The  manner  in  which  a  plate  will  bear  flanging  out  warily, 
whereby  the  fibros  aro  either  stretched  or  separate  1,  as  the  plate 
is  flanged  across  or  along  the  grain,  is  generally  considered  the 
best  test  of  its  soundness  and  quality.  It  is  certain  that  none 
of  the  inferior  brands  will  stand  this  test  with  any  degree  of 
certainty.  Those  of  somewhat  better  quality  that  bear  flanging 
inwardly  may,  with  care  and  skill,  be  made  to  stand  out  war  ! 
flanging ;  but  they  cannot  bo  depended  upon.  Plata  of 
moderate  quality  may  also  be  successfully  welded  if  skilfully 
treated  ;  yet,  to  ousuro  success,  only  very  good  or  first-rate 
brands  should  be  chosen  where  flanging,  dishing,  or  welding 
is  required.  Tho  effect  of  punching  on  plates  of  different 
qualities  will  be  discussed  in  the  chapter  on  riveted  work. 

The  defect  most  commonly  revealed  in  working  boiler  plates 
is  lamination,  from  which  plates  even  of  the  very  best  brands 
are  not  always  free.  This  defect  arises  from  the  imperfect 
welding  of  the  several  layers  which  make  up  the  thick  neat  of 
the  plate,  and  is  usually  caused  by  interposed  sand  or  cinder 
which  has  not  been  expelled  in  the  hammering  and  rolling  dur- 
ing the  process  of  manufacture.  It  is  more  frequent  in  thick 
than  in  thin  plates,  and  is  sometimes  very  difficult  to  detect  in 
the  now  cold  plate,  although  often  discernible  in  the  hot  slab. 
It  often  happens  that  plates,  which  are  passed  as  quite  sound 
on  careful  external  examination,  are  found  to  be  severely  lami- 
nated when  subjected  to  heating  and  hammering,  and  prove 
totally  unfit  for  working. 

Blisters  are  of  a  similar  nature,  and  arise  from  the  same  cause 
as  lamination.  Sometimes  they  appear  as  mere  surface  defects, 
and  are  of  no  consequence  ;  but  their  appearance  may  be  an 
indication  of  the  want  of  care  or  skill  in  the  making  of  the 
plate,  and  is  sure  to  excite  suspicion.  At  other  times  the  blister 
runs  from  the  surface  far  into  the  body  of  the  plate,  and  its 
area  may  be  measured  by  feet.    It  frequently  happens  that 
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theso  defects  pass  undetected  through  the  closest  scrutiny 
and  test  by  hammering,  but  disclose  themselves  soon  after  the 
boiler  is  set  to  work,  especially  if  the  plate  be  exposed  to  sudden 
variations  of  temperature.  When  a  blister  does  not  run  out  to 
the  surface  or  edge,  it  will  possibly  never  be  detected,  unless  it 
is  subject  to  alternate  heating  and  cooling,  as  in  a  furnace-plate, 
where  the  great  heat  on  one  side,  compared  with  that  on  the 
other,  will  sooner  or  later  take  effect ;  and  even  here  it  may 
be  years  before  it  bursts  open.  In  the  plates  over  the  lire  grate 
of  an  externally-fired  boiler,  such  a  blister  may  prove  a  very 
serious  defect,  calling  for  the  immediate  replacement  of  the 
plate,  cutting  out  and  patching  in  such  a  case  being  but  a 
penny-wise  proceeding. 

After  quitting  the  boiler-maker's  hands,  the  test  of  every-day 
work  will  render  manifest  a  wide  difference  in  the  behaviour  of 
plates  of  various  qualities.  Inferior  brands  of  brittle  and  badly 
refined  iron  will  rapidly  show  unmistakable  signs  of  weakness, 
if  placed  under  the  trying  ordeal  of  bearing  the  alternate  im- 
pingement of  a  fierce  flame  and  currents  of  cold  air.  The 
rapid  variations  of  temperature  caused  by  the  sudden  and 
frequent  openings  of  the  furnace  door  and  leakage  of  cold  air 
at  the  fire  bars  and  bridge  will  tell,  sooner  or  later,  on  any  kind 
of  iron,  but  much  more  quickly  on  brittle  than  tough  qualities. 

On  the  delivery  of  a  batch  of  boiler-plates  from  the  maker's, 
the  name  and  brand  of  quality  on  each  plate  should  be  ascer- 
tained, and  care  should  be  subsequently  taken  to  keep  the  brand 
on  the  outside  of  the  shell,  or  on  the  fire  side  of  the  furnace- 
tube,  in  a  position  where  it  can  be  afterwards  readily  discovered. 
Each  plate  should  be  gauged,  or,  still  better,  weighed,  in  order 
to  ascertain  the  exact  thickness,  the  comparison  of  which  with 
the  extent  of  departure  from  specification  allowed  to  the  maker 
will  determine  whether  the  plates  are  to  be  accepted  or  rejected. 
Each  plate  should  then  be  examined  on  its  sides  and  edges  for 
surface  defects,  such  as  flaws,  blisters,  lamination,  or  marks  and 
indentations  caused  by  want  of  care  in  the  rolling,  the  discovery 
of  which  may  justify  the  rejection  of  the  plate.  In  order  to 
test  its  internal  soundness,  it  should  be  marked  off  with  a 
chalked  line  into  squares  of  four  or  six  inches,  and  conveniently 
suspended  or  supported  on  edge,  to  be  tapped  all  over  with  a 
light  hammer.  Where  solid  the  blows  cause  a  sharp  ringing 
sound  ;  but  a  dull  heavy  sound  indicates  the  presence  of  lami- 
nation or  other  defects.  Both  sides  of  the  plate  should  be  thus 
tested.    Should  any  doubt  arise  as  to  the  soundness  by  this 
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acoustic  test,  tho  plate  should  be  prepared  for  further  testing  by 
supporting  it  horizontally  on  two  edge*,  or  still  better,  at  its 
four  comers,  and  strewing  the  upper  fcurfaco  with  fine  sand. 
The  doubtful  portions  being  then  lightly  tapped  on  tho  uudei 
side,  the  sand  will  bo  thrown  off  by  tho  vibration,  if  tho  plate 
be  sound  ;  but  if  laminated  tho  Hand  will  remain  statioiiaty. 
Yet  all  ordinary  methods  of  testing  may  fail  to  deteet  hidden 
internal  defects,  which  may  reveal  themselves  as  noon  as  the 
plate-  is  operated  upon  at  the  forge,  or  possibly  not  until  the 
plate  has  been  somo  time  in  use  in  the  boiler.  What  is  wanted 
is  some  magnetic  or  similar  test,  such  as  that  proposed  by 
Captain  Saxeby,  which,  however,  must  bo  reliable  and  oapable 
of  easy  application. 

In  cutting  the  plato  from  tho  slab  some  specifications  require 
that  a  distance  of  from  '2  "  to  4*  hIkiII  be  Left  from  the  n«  ar«-  t 
dtfeet  or  cracks  at  tho  edge.  The  plates  are  also  sometimes 
ordered  sufficiently  large  to  admit  of  a  test-strip  being  eat  oil, 
in  order  to  ascertain  tho  quality  and  tenacity  by  breaking. 

All  plates  of  the  vory  best  quality  having  a  longitudinal 
tenacity  of  24  tons  per  square  inch  of  section,  and  an  ultimate 
elongation  of  about  12  per  cent.,  and  not  exceeding  one  inch 
in  thickness,  should  bend  double  along  or  across  the  fibre  when 
red  hot. 

"  Best  Best "  plates  one  inch  thick  and  under,  having  a 
longitudinal  tenacity  of  21  tons,  and  an  ultimate  elongation  of 
about  7  per  cent.,  should  admit  of  being  bent  hot,  without 
fracture,  lengthways  to  130°,  and  crossways  to  100°. 

For  tho  cold  forge  test  plates  of  the  very  best  quality,  X 
inch  thick  and  under,  should  bend  double  without  fracture. 

Good  boiler  plates  should  bend  cold,  without  fracture,  to  the 
following  angles  : — 


I 

Thickness 


Along. 


15° 

20 
30 
40 


Across. 


7° 

10 
15 
20 


Thickness 


Along. 


70 
80 
90 


Across. 


25° 
35 
45 
55 


The  radius  of  the  corner  over  which  the  plates  are  bent 
shoind  not  exceed  half  au  inch.  Tho  angle  to  which  the 
plates  can  be  bent  without  fracture  will  depend  greatly  upon  tho 
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skill  of  tlio  smith  who  heats  and  operates  upon  them.  A  plate 
that  will  bear  the  test  with  a  number  of  sharp  light  blows,  will 
often  fail  when  a  heavy  hammer  is  used.  By  striking  the 
plate  along  its  surface  it  can  be  successfully  bent  to  a  much 
greater  angle  than  when  the  blows  are  dealt  perpendicularly  to 
the  surface.  The  plate  will  also  stand  the  bending  much  better 
if  it  is  performed  uniformly  along  its  whole  width. 

Rivets  and  bars  for  boiler  work  are  seldom  tested  for  their 
tensile  strength,  but  their  quality  is  usually  ascertained  by  forge 
tests.  A  good  rivet,  cold,  will  bend  double  without  fracture. 
The  head  of  a  good  rivet  should  flatten  out,  by  hammering 
when  hot,  to  about  %  inch  thick,  without  fracture  or  fraying 
at  the  edge.  A  hot  rivet-shank  or  bar  of  iron,  when  flattened 
down  to  a  thickness  equal  to  about  one-half  its  diameter,  should 
bear  a  punch  driven  through  it  without  fracture  at  the  hole.- 

There  has  been  no  lack  of  experiments  to  ascertain  the  tensile 
strength  of  wrought-iron  plates  of  different  qualities,  and  of 
ordinary  thickness.  Many  of  these  are,  however,  not  accom- 
panied with  sufficient  information  to  make  them  of  much  value. 
The  results  of  Mr.  Kirkaldy's  experiments  on  plates  and  bars 
are  in  many  respects  the  most  reliable  and  valuable  yet  recorded. 
These  verify  the  commonly  received  opinion  that  good  boiler 
plates  may  be  considered  as  having  an  average  tensile  strength 
per  square  inch  of  section  of  21  tons  along  the  fibre,  the  strength 
being  generally  about  ten  per  cent,  less  across  the  fibre.  The 
strength  of  Best  Yorkshire  plates  may  be  taken  at  24  tons 
along  the  fibre,  and  22  tons  across. 

The  strength  of  round  and  square  bars  is  superior  to  that  of 
plates  of  equal  quality,  the  superiority  being  most  marked  in 
iron  of  inferior  brands.  This  circumstance  is  usually  ascribed 
to  the  increased  amount  of  rolling  the  bars  undergo.  Taking 
Mr.  Kirkaldy's  experiments  as  our  guide,  we  find  that  ordinary 
bars,  so  far  as  their  tensile  strength  is  concerned,  are  more  on 
an  equality  with  "  Best  Yorkshire  "-bars  than  was  found  to  be 
the  case  with  plates.  The  average  strength  of  bars  may  be 
taken  at  25  tons  per  square  inch  of  section.  It  must  not, 
however,  be  inferred  from  this  that  there  is  no  superiority  in 
"Best  Yorkshire"  and  very  best  Staffordshire  bars  over  those 
of  ordinary  make.  The  former  are  more  reliable  and  uniform 
in  quality,  and  exhibit  a  superior  ductility  when  compared  with 
those  of  inferior  quality,  and  stand  smithing  very  much  better. 

By  way  of  explanation  it  may  be  here  observed  that  when  a 
plate  is  broken  so  that  the  line  of  fracture  runs  parallel  with  the 
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fibre,  it  may  reasonably  be  said  to  bo  broken  along  or  in  the 
direction  of  the  fibre  ;  and  when  the  fracture  is  perpendicular 
to  this,  across  tho  fibro.  This  i*f  however,  not  the  sense  in 
which  tho  terms  along  and  across  the  fibre  are  usually  employed. 
When  we  speak  of  a  plate  boing  broken  in  the  direction  of  tho 
fibre,  wo  refer  to  tho  direction  in  which  tho  strain  is  applied  to 
produce  fracture  ;  and  similarly  when  speaking  of  a  breakage 
across  tho  fibre.  There  is  then  evidently  a  discordance  between 
our  modes  of  expressing  the  directions  of  bunting  fractures  and 
tearing  fractures  relatively  to  the  strains  which  produce 
them. 

On  breaking  a  plate  or  bar  of  wrought-iron,  the  fracturo 
presents  an  appearance  by  which  tho  quality  of  the  iron  may  in 
some  measure  bo  determined.  Tho  fracturo  is  designated  on 
tho  one  hand  as  fibrous,  tough,  line,  silky,  close-grained,  red- 
short,  or  on  the  other  hand  as  crystalline,  coarse,  open-grain. id, 
brittle,  cold  short.  Notwithstanding  all  that  has  been  written 
concerning  tho  quality  and  treatment  of  iron,  an  I  their  influence 
on  tho  appearance  of  the  fracture,  first  pointed  out,  I  believe, 
by  Dr.  Percy,  and  so  ably  shown  by  Mr.  Kirkaldy,  there  htill 
exists  a  groat  deal  of  misapprehension  on  tho  subject.  A  wide- 
spread notion  prevails  that  all  good  wrought-iron  should  present 
a  fibrous  appearance  ;  by  this  being  meant,  that  when  broken, 
no  matter  how,  tho  fibres  should  appear  drawn  out.  Now,  the 
manner  in  which  the  breakage  is  effected  is  all  important  in 
Influencing  the  appearance  of  tho  fracture.  The  best  plates  or 
bars  rolled,  as  well  as  the  worst  admissible  for  boiler  making,  if 
broken  short  off  or  snapped  in  two,  will  display  a  short  crys- 
talline fracture,  quite  even  and  straight  ;  but  whether  it  be  fine 
or  coarse  will  depend  entirely  upon  the  quality  of  the  iron.  On 
the  other  hand,  if  the  iron  be  gradually  torn  asunder,  it  will 
show  fibre,  the  fracture  being  more  or  less  rugged  or  irregular, 
and  possibly  at  the  same  time  mixed  up  with  the  fibres  a  small 
amount  of  crystalline  fracture,  the  fineness  or  coar&eness  of  the 
whole  being  an  indication  of  the  quality. 

When  broken  suddenly  tho  best  qualities  of  plate  and  bar 
exhibit  a  fine  close-grained  uniformly  crystalline  fracture,  oven 
silky,  of  a  light,  silvery  colour,  the  appearance  in  the  harder 
descriptions  approaching  to  that  of  steel.  The  appearance 
of  indifferently  refined  and  inferior  qualities  is  coarser,  usually 
of  a  darker  colour,  more  or  less  uneven  or  open,  exhibiting 
large  facets,  and  approaching  some  descriptions  of  cast  iron. 
When  broken  gradually  good  iron  presents  a  well  drawn  out 
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close  fibre,  of  light  greyish  hue,  whilst  inferior  qualities  give  a 
shorter,  more  open,  and  darker  fibre. 

A  bar  or  strip  of  plate  can  be  broken  suddenly  by  a  sharp 
blow,  when  nicked  with  a  chisel  all  round  or  on  both  sides, 
the  nicks  being  made  exactly  opposite  each  other.  By  making 
a  slight  nick  only  on  one  side,  and  gradually  bending  the  iron  i 
away  from  it,  the  strip  will  have  time  for  the  exercise  of  its 
ductility,  and  display  abundant  fibre. 

It  may  be  here  remarked  that  metal  is  to  be  found  enjoying 
the  name  of  wrought  iron  which  will  test  the  ingenuity  of  any 
one  to  break  it  gradually  so  as  to  display  fibre  ;  it  should  be 
needless  to  add  that  such  rubbish  must  never  be  used  for  boiler 
making. 

"  In  the  case  of  the  fibrous  fracture,  the  threads  are  drawn 
out  and  are  viewed  externally  :  in  the  case  of  the  crystalline 
fracture,  the  threads  in  clusters  are  snapped  across,  and  are 
viewed  internally  or  sectionally  "  (Kirkaldy). 

When  old  broken  boiler-plates  exhibit  fibre  at  one  side,  and 
a  crystalline  appearance  at  the  other,  it  is  sometimes  said  that 
one  side  has  deteriorated  more  than  the  other  ;  but  the  fact 
probably  is,  that  in  the  act  of  breaking  one  side  has  parted 
gradually,  probably  by  the  cross  action  of  the  strain,  and  as  the 
section  became  diminished  the  other  side  has  parted  suddenly. 

When  good  ductile  iron  is  gradually  torn  asunder  it  draws  out 
or  stretches  to  a  considerable  extent,  causing  a  diminution  of 
sectional  area  at  the  fractured  part,  which  should  always  be 
compared  with  the  original  sectional  area  of  the  specimen  in 
judging  of  the  quality.  An  inferior  bar  or  plate  may  bear 
as  great  a  tensile  strain  as  a  similar  specimen  of  superior 
quality,  say  23  tons  per  square  inch  of  original  area,  but 
on  comparing  their  fractured  areas  it  will  generally  appear 
that  the  latter  has  been  drawn  out  considerably,  and  actually 
sustained  30  tons  or  more  per  square  inch  of  fractured 
area,  whilst  the  inferior  specimen,  having  stretched  but  little, 
has  not  sensibly  diminished  at  the  fracture.  It  is  owing  to  this 
fact  that  good  ductile  iron  is  so  much  more  trustworthy  than 
badly  refined  or  cold-short  iron  where  sudden  strains  occur. 
The  one  will  stretch  where  the  other  will  snap. 

It  is  often  affirmed  that  wrought  iron  changes  from  fibrous 
to  crystalline  after  enduring  long- continued  cold-hammering, 
vibration,  tension,  jarring,  and  other  strains,  or  after  long  ex- 
posure to  the  influence  of  heat,  or  alternate  expansion  and 
contraction  when  used  for  the  plates  of  a  boiler-furnace.  Eve^j 
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the  very  best  plates,  after  from  ten  to  twenty  years'  use  in  a  boiler, 
>ave  frequently  been  found  to  break  without  stretching,  at  the 
same  time  displaying  a  crystalline  fracture.  It  has  been  said 
that  this  indicates  a  chango  having  taken  place  in  the  nature 
of  the  material,  and  that  from  being  fibrous  and  tough  it  has, 
through  some  unexplained  cause,  become  crystallised  and 
brittle,  or  that  it  has  lost  its  nature  in  consequence  of  the 
treatment  it  has  undergone,  whatever  that  may  have  been.  Now 
there  is  no  doubt  that  tho  strains  and  other  causes  nnntiom  I 
have  a  tendency  to  make  good  iron  become  brittle  and  liable  to 
snap  suddenly  under  the  same  treatment  that  would  originally 
have  torn  it  gradually,  and  in  so  far  a  change  is  produced  in  its 
nature.  This  snapping,  and  not  the  fatigue  of  the  metal,  is, 
however,  the  direct  causo  of  tho  crystalline  fracture,  which  is 
but  a  necessary  consequenco  of  tho  suddenness  of  the  breaking, 
and  not  a  property  of  the  iron  itself.  To  say  it  snaps  readily 
becauso  it  has  become  crystalline  is  to  confound  the  cause  with 
tho  elFect.  It  is  erroneous  to  say  tho  fibrous  nature  has  passed 
out  of  the  iron,  for  its  ductility  can,  to  some  extent  at  least,  be 
restored  in  most  cases  by  simply  heating  to  a  bright  red,  and 
slowly  cooling  tho  iron,  or  failing  that,  by  hammering  or  rolling 
it  while  hot. 

By  heating  to  redness  and  suddenly  cooling  a  piece  of  wrought 
iron,  it  will  become  liable  to  snap,  producing  the  same  effect  as 
cold-hammering.  The  explanation  of  this  is  not  obvious.  It 
may  in  both  cases  be  owing  to  tho  loosening  <>f  the  cry>tals 
into  which  the  composition  of  the  material  ultimately  resolves 
itself.  To  this  cause  may  also  be  attributed  the  same  tendency 
to  snap  after  long-continued  jarring,  or,  alternate  expansion 
and  contraction. 

The  restoration  of  the  toughness  by  the  application  of  heat 
in  such  cases,  and  still  more  by  the  application  of  pressure, 
may  bo  duo  to  the  consequent  restoration  of  the  crystals  to 
their  original  positions. 

It  may  be  maintained  that  all  boiler-plate  worthy  of  the 
name  is  fibrous  ;  whether  its  hardness  makes  it  liable  to  snap, 
and  therefore  appear  crystalline,  depends  on  its  original  characte; 
land  the  treatment  it  has  undergone.  No  fine  iron  can,  how- 
ever, by  any  treatment,  except  burning,  be  made  to  appear 
coarse,  and  the  fibres  of  the  poorer  descriptions  cannot,  with- 
out re-working,  be  made  to  appear  fine  and  close  grained. 

It  is  from  a  want  of  knowledge  of  the  above  facts  that  false 
Dpinions  are  so  often  expressed  respecting  the  qualities  of 
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plates.  The  following  instance  is  perhaps  not  too  well  known  to 
bear  repetition.  A  scientific  witness  at  an  inquiry  into  the 
cause  of  a  boiler  explosion,  after  expressing  himself  competent 
to  distinguish  between  bad  and  good  iron,  was  handed  three 
broken  specimens  to  examine  and  pass  an  opinion  upon. 
These  he  severally  pronounced  as  good,  bad,  and  indifferent. 
They  were  all  cut  from  the  same  strip  of  plate,  and  artfully 
broken  to  present  different  looking  fractures,  by  which  the 
witness  was  deceived. 

It  is  not  unusual  to  find  eminent  engineers  at  inquests  and 
inquiries  delivering  judgement  on  the  quality  of  iron  without 
anything  to  base  their  opinion  on  except  the  load  per  square 
inch  required  to  tear  the  material  asunder. 

As  it  has  just  been  attempted  to  show,  this  can  give  no  true 
indication  of  the  quality  of  a  plate.  The  precise  character  of  the 
fracture,  contraction  at  broken  area  compared  with  original  sec- 
tion, together  with  the  shape  and  temperature  of  the  test-piece, 
direction  of  strain,  and  manner  in  which  the  breaking- load  is 
applied,  as  well  as  the  amount  of  the  load,  must  all  be  con- 
sidered. 

If  the  plate  whose  quality  is  in  question  has  been  taken 
from  an  old  boiler  the  age  should  be  known  and  the  position  in 
the  boiler,  along  with  any  other  circumstances  tending  to 
throw  light  on  the  nature  and  amount  of  the  strains  to  which  it 
has  been  exposed,  and  which  may  influence  the  manner  of 
breaking. 

As  shown  by  Mr.  Kirkaldy,  good  ductile  iron  can  be  made 
to  appear  crystalline  when  pulled  asunder  in  the  testing- 
machine  simply  by  confining  the  minimum  sectional  area  where 
fracture  will  occur  to  one  point,  or  to  a  very  short  length, 
as  by  turning  a  narrow  groove  in  a  round  bar.  By  so  re- 
ducing the  section  th^  shape  is  rendered  unfavourable  for 
drawing  out,  and  the  specimen  is  more  liable  to  snap  than 
when  the  minimum  sectional  area  is  uniform  for  at  least  five 
oi"  six  inches. 

In  all  cases  where  the  elongation  and  reduction  of  the 
fractured  area  are  lessened  by  cold  rolling,  hammering,  altering 
the  shape  of  test-piece,  or  by  applying  the  strain  suddenly,  the 
breaking  load  of  the  material  will  be  increased  in  proportion 
to  the  increased  area  of  fracture. 

For  much  of  our  knowledge  of  the  variation  of  strength  in 
boiler  plates  and  bars  at  different  temperatures  we  are  indebted 
to  the   experiments  of  Sir  W.  Fairbairn.      The  annexed 
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tables  givo  tlie  results  of  these,  from  which  it  may  bo  seen  that 
from  0°  to  400°  Fahr.  the  tenacity  of  plates  is  practically 
uniform.  The  difference  between  the  strength  of  wrought 
iron  and  copper  at  ordinary  working  temperature!  is  very  striking. 


PLATES. 

RIVET  LfiOBT. 

Temperature 
Kuhr. 

Drawn  aaundcr  in 
tho  direction  of 
tho  fibre. 

Prawn  naundcr 
:ut<jm<  tho  fibre. 

Tmnx  rature 
Afar. 

0° 

60 
114 

212 
270 
340 
395 
dull  red 

Breaking  weight 
per  bq.  in.  in  tons. 

21-879 
22*414 

18-  402 

19-  963 
19*051 
22  307 

20-  574 

Breaking  weight 
jtt*L  in.  in  tons. 

18-G39 
19714 

20*392 

1S-7S9 
15-299 

w 

60 
Hi 

212 
250-270 
310-325 
nr.— 435 

led  heat 

Breaking 
weight  NT 
n<l  in. in  Un.t 

28-26 
28-05 
31-01 
35-39 
30  >l» 
37-52 
37-47 
15*63 

The  Staffordshire  plates  employed  in  these  tests  do  not 
appear  to  have  been  of  good  quality.  The  maximum  strength 
of  rivet  iron — 39  tons — appeared  to  be  attained  at  a  tempera- 
ture of  320°.  This  is  above  the  temperature  at  whicli  the 
mean  strength  of  tho  plates — 20  j  tons — was  attained  ;  little  ur 
no  change  is  observable  in  the  strength  of  tho  plates,  whilst  that 
of  tho  bars  is  increased  nearly  one-half. 

STEEL. 

Steel  is  popularly  described  as  iron  holding  a  mid-position 
between  cast  and  wrought  iron  with  respect  to  tho  amount  of 
carbon  it  contains,  cast  iron  having  from  0  to  2  per  cent,  of 
carbon,  steel  from  2  to  per  cent.,  whilst  wrought  iron  has  a 
percentage  varying  from  -J  to 

It  is  beside  the  purpose  of  this  work  to  inquire  closely  into 
the  accuracy  of  the  above  description,  but  it  is  beyond  question 
that  the  elimination  from  ordinary  cast  iron  of  other  ingredients 
besides  the  surplus  amount  of  carbon  is  essential  for  tho  pro 
duction  of  good  steel. 

To  the  intimate  chemical  union  of  this  medium  amount  of 
carbon  are  usually  ascribed  the  remarkable  characteristics  by 
which  the  higher  classes  of  steel  are  distinguished  Whatever 
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influence  the  presence  of  other  ingredients  may  have  upon  its 
quality,  it  has  been  satisfactorily  shown  that  the  tensile  strength 
of  steel  is  intimately  connected  with  its  degree  of  hardness,  and 
both  these  properties  are  proportioned  to  the  amount  of  carbon 
in  chemical  combination.  Up  to  a  certain  point,  which  varies 
with  the  quality  of  the  material,  the  tenacity  of  steel  may  be 
said  to  increase  with  its  proportion  of  carbon.  With  Bessemer 
steel  the  greatest  strength,  about  70  tons  per  square  inch,  is 
reached  when  the  carbon  contained  is  about  l£  per  cent.,  the 
elongation  being  then  about  2\  per  cent.  %  Beyond  this  degree 
of  carbonisation  the  steel  becomes  gradually  weaker.  When 
the  contained  carbon  is  about  J  per  cent.,  the  breaking  weight 
is  only  about  30  tons  per  square  inch,  with  an  elongation  of 
10  per  cent.  With  less  than  §  per  cent.  Bessemer  steel  will 
not  temper,  with  more  than  |  per  cent,  it  will  not  weld,  and  the 
presence  of  more  than  2  per  cent,  is  said  to  render  it  useless 
for  forging.  These  amounts,  however,  vary  with  the  quality 
of  the  material,  which  is  influenced  by  various  causes. 

Besides  the  chemical  distinction  just  mentioned,  it  is  difficult 
to  name,  without  risk  of  contradiction,  a  single  property 
common  to  all  the  various  classes  of  metal  that  come  u  iider  the 
denomination  steel,  by  which  they  may  be  distinguished  from 
wrought  iron  unless  it  be  superior  tensile  and  compressive 
strength  combined  with  greater  resilience  and  a  higher  limit  of 
elasticity,  and  even  in  these  respects  the  difference  in  some 
exceptional  cases  is  not  very  marked. 

The  higher  classes  of  steel,  which  will  harden  and  temper, 
and  even  weld  in  some  cases,  not  being  adapted  for  constructive 
purposes  do  not  call  for  special  comment,  and  we  shall  restrict 
ourselves  to  the  discussion  of  the  properties  belonging  to  the 
milder  qualities,  which  alone  are  fit  for  boiler  making. 

It  was  probably  the  high  degree  of  tenacity  and  ductility 
exhibited  by  tool  and  spring  steel  that  first  drew  attention  to 
the  advantages  offered  by  this  material  for  constructive  pur- 
poses. Its  high  price,  however,  long  stood  in  the  way  of  its 
being  largely  adopted,  and  this  obstacle  was  only  removed  by 
the  introduction  of  new  methods  of  manufacture,  which  can  as 
yet  be  termed  improvements  only  with  respect  to  their  com- 
mercial success,  and  not  as  affecting  the  quality  of  the  material. 

According  to  the  mode  of  manufacture,  the  material  is 
designated  crucible  cast  steel,  Bessemer  steel,  and  puddled  steel. 
Homogeneous  metal  is  a  kind  of  mild  cast  steel.  The  bars 
and  plates  of  this  and  the  two  first  mentioned  descriptions  are 
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made  from  i  Binglo  ingot ;  but  in  puddled  steel  they  are  com- 
posed of  many  small  pieces  piled  and  welded  together  like 
puddled-iron,  and  are  consequently  liablo  to  the  same  defect*. 

In  comparing  the  properties  of  steel  and  iron  plates  there  can 
bo  no  dispute  that  tho  nature  of  the  processes  employed  in  the 
production  of  cast-steel  is  immensely  superior  to  that  employed 
in  tho  manufacture  of  wrought_jroii  fQjrensuring  a  uniform 
texture  in  tho  material.  J2rf5f-steel  platc^nfcHlu  from  a  fluid 
mass  run  into  a  single  iu^ot,  suftl  Well  worked  ynderihe  hammer, 
are  likely  to  bo  perfejfiy  homogeneous  and  free  fr<w  tho  im- 
perfect welds  and  inWcrnal  Refects  caused  loathe  presence  of 
cinder  and  slag,  foimll  oveniin*  tho  best^ftufldJcd-irlii,  which 
being  built  up  of  numerous  small  pieces,  all  more  Ji less  pro- 
perly welded  togethor,  i^ventirely  dependent  upon  tjiG  skill  and 
care  exercised  in  its  production,  fur  ite  i|am<)g4tt cifirfiinl  freedom 
from  lamination,  blisters  andTTthur  dufuiitSj'^TyuTiial  and  super- 
ficial. It  must,  however,  be  admitted  that  the  homogeneity  of 
a  bar  or  plate  of  cast  steel  is  frequently  far  less  perfect  than  wo 
might  expect,  and  with  tho  best  mild  steel,  although  wo  may 
generally  rely  upon  uniformity  of  character  in  any  single  plate, 
the  samo  uniformity  of  quality  and  character  running  through 
a  considerable  number  of  plates  cannot  be  generally  obtained. 

Notwithstanding  its  superiority  in  tensile  strength  and  other 
properties,  steel  is  as  yet  in  comparatively  small  request  for 
boiler-making.  The  feeling  that  still  prevails  against  its  em- 
ployment cannot  bo  attributed  to  the  existence  of  any  inherent 
defect  in  the  nature  of  the  material,  revealed  by  the  trying  ordeal 
of  actual  work  in  a  boiler,  as  is  known  to  be  the  case  with  c*%st 
iron.  No  doubt  many  absurd  objections  are  still  heard  against 
the  employment  of  steel  plates,  such,  for  instance,  as  that  it 
expands  and  contracts  to  such  a  degree  on  the  application  and 
withdrawal  of  heat  as  to  render  it  unQt  for  boiler  furnaces  ; 
that  on  heating  it  warps  and  twists  so  much  that  it  cannot  be 
used  where  the  plates  require  to  be  worked  hot,  or  that  it  is 
liable  to  fracture  at  any  moment  without  warning  and  without 
any  known  cause. 

That  there  is  still  a  certain  amount  of  treachery  in  steel 
I  plates  when  subject  to  blows  and  sudden  strains  cannot  bo 
denied,  but  when  closely  inquired  into  the  prejudice  against 
it  appears  to  have  grown  out  of  the  distrust  caused  by  the  occa- 
sional failure  of  the  hard  steel  plates  employed  at  the  time  of 
the  introduction  of  this  material  for  boiler-making  aud  ship- 
building, when  its  properties  were  not  so  well  understood  as  at 
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present.  The  desire  to  take  advantage  of  their  high  tensile 
strength  led  to  the  employment  of  plates  of  so  hard  a  quality  as 
we  now  know  could  not  be  otherwise  than  brittle  and  untrust- 
worthy. It  has  been  found  by  experience  with  different  quali- 
ties that  in  steel  plates  toughness  is  incompatible  with  great 
tensile  strength,  and  these  two  qualities  may  be  considered  as 
being  in  the  inverse  ratio  to  each  other.  If  we  insist  upon 
having  a  tensile  strength  of  40  tons  and  upwards,  we  must 
be  prepared  to  find  a  steel  hard  and  brittle,  and  therefore 
not  adapted  for  boiler-making.  In  order  to  ensure  freedom 
from  brittleness,  from  33  to  30  tons  per  square  inch  appears  to 
be  the  maximum  tensile  strength  that  can  be  allowed.  Steel 
plates  of  this  strength  can  be  made  sufficiently  tough  and 
ductile  to  render  them  safe  and  also  tolerably  easily  worked. 
This  latter  is  a  most  important  condition,  on  which  depends  in 
no  small  degree  the  commercial  success  of  the  material  for 
boiler-making. 

There  can  be  little  doubt  that  the  use  of  steel  for  boiler 
plates  has  been  retarded  by  the  want  of  knowledge  of  its 
properties  and  the  consequent  difficulty  sometimes  met  with  in 
working  it.  The  result  of  this  is  a  disposition  on  the  part  of 
the  great  majority  of  boiler-makers  to  avoid  using  it  as  much 
as  possible. 

Good  steel  plates,  even  of  the  mildest  quality,  are  affected  by 
fire  in  quite  a  different  manner  from  iron  plates.  This  exer- 
cises an  important  influence  on  their  behaviour  when  submitted 
to  the  operation  of  flanging  and  bending  at  a  high  temperature. 
In  flanging  wrought  iron  it  is  necessary  to  heat  only  a  short 
length  of  the  plate  at  a  time,  but  with  steel  it  is  advisable  to 
heat  a  much  larger  portion  of  the  plate  than  can  be  worked  by 
the  ordinary  slow  process  of  flanging  at  each  heating,  in  order 
to  prevent  injury.  Indeed,  it  is  much  better  to  complete  the 
flanging  at  one  or  at  most  two  heatings,  operating  gradually 
to  the  same  degree  on  the  whole  extent  of  the  part  to  be 
flanged.  This  can,  of  course,  in  the  majority  of  cases  be  done 
only  by  special  machinery,  which  is  now  being  more  extensively 
introduced  into  boiler-works  for  the  purpose.  After  such  an 
operation  is  completed,  the  steel  plate  cannot  be  trusted  to 
stand  rough  usage  at  the  part  that  has  been  highly  heated.  It 
is,  therefore,  advisable  to  anneal  it  in  order  to  restore  its  tough- 
ness. The  process  of  annealing  consists  in  slowly  heating  the 
plate  to  a  dull  red  heat,  and  allowing  it  to  cool  again  slowly 
and  uniformly.    Immersion  in  fine  ashes  or  sand  is  sometimes 
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adontcd  for  this  purpose,  but  caro  must  bo  taken  that  tho  plate 
bo  not  so  highly  heatod  when  tho  immersion  takes  place,  as  to 
induce  a  chemical  change  in  its  properties  when  in  contact  with 
tho  non-conducting  substance  The  appearance  of  the  plate 
is  sometimes  impaired  by  annealing,  and  when  required  to  bo 
extensively  applied  tho  process  of  annealing  becomes  an  expen- 
sive one. 

In  working  a  steel  plato  cold,  caro  should  bo  taken  that  thero 
are  no  flaws  or  cracks,  as,  except  in  tho  very  miMest  qualities, 
they  aro  liablo  to  cause  fracture.  When  bent  cold,  or  subject 
to  severe  straining  or  jarring,  even  a  ragged  edge  has  a  tendency 
to  mako  tho  plato  snap  or  break  suddenly.  This  phenomenon 
is  also  common  to  tho  harder  and  more  brittle  descriptions  of 
wrought  iron,  but  in  a  less  degree.  For  this  reason,  in  working 
cold  or  bending  cast  steel  plates,  especially  if  at  all  hard  or 
unannealed,  all  sharp  edges  and  rags  left  by  punching,  shearing, 
or  chipping  should  be  carefully  removed. 

As  an  instance  of  the  special  treatment  required  by  .steel,  it 
may  bo  mentioned  that  in  hammering  down  a  screwed  stay-bolt- 
end  of  steel,  with  tho  thread  left  on,  there  is  a  risk  of  producing 
foliation,  which  ronders  the  head  liable  to  snap  off.  To  guard 
against  this,  it  is  advisable  to  turn  the  thread  off  tho  end  of  tho 
stay-bolt,  which  enables  it  to  bo  riveted  over  successfully. 

Respecting  the  effect  of  punching  on  steel  plates,  we  have  no 
lack  of  experiments  to  show  how  plates  of  different  qualities  are 
affected  by  this  process.  It  may  be  here  remarked  that  it  is 
mostly  to  the  researches  of  shipbuilders  that  boiler-makers  are  in- 
debted for  exact  experimental  knowledge  of  the  properties  of  steel 
plates.  Ono  of  tho  principal  results  obtained,  both  from  experi- 
ments and  experience  of  the  material  in  actual  riveted  work,  is 
that  steel  plates  of  average  suitable  quality  are  more  injured 
than  wrought-iron  plates  by  punching.  Roughly  speaking,  tho 
injury  is  in  proportion  to  their  hardness.  For  this  reason  most 
makers  of  steel  boilers  have  abandoned  punching  in  favour  of 
drilling,  and  with  satisfactory  results. 

The  increased  expense  of  drilling  plates  for  shipbuilding  led 
to  attempts  to  discover  some  means  of  obviating  the  injurious 
effects  of  the  punch,  aud  annealing  was  found  to  restore  the 
toughness  of  the  punched  cast-steel  plate,  if  not  entirely  at  least 
to  some  extent. 

Some  tests  were  conducted  by  Mr.  Sharp,  of  Bolton,  on  the 
comparative  strength  of  drilled  and  punched  holes,  when  the 
result  was  found  to  be  for  an  average  of  three  trials  49  per  cent. 
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in  favour  of  drilling.  The  plates  were  Bessemer  steel  thick, 
three  being  drilled,  and  three  punched  with  |''  holes  at  1)/ 
centres.  The  averago  breaking  strengths  were  respectively 
3G25  tons  and  24*33  tons  per  square  inch. 

In  some  experiments  on  the  strength  of  punched  steel  plates, 
conducted  by  Mr.  Barnaby,  at  Chatham,  the  average  ultimate 
strength  of  8  unannealed  |"  plates  was  found  to  be  but  21  tons 
per  square  inch,  whereas  8  similar  plates,  after  annealing,  had 
an  average  strength  of  32f-  tons,  being  an  increase  of  about 
55  per  cent,  or  1  If  tons  per  square  inch.  To  ensure  uniformity 
of  quality  in  the  test  pieces,  eight  J"  plates  were  punched  with 
four  |7  holes,  and  then  cut  in  two,  making  two  strips  from  each 
plate  for  testing,  only  one  of  which  was  annealed. 

The  annealed  strips  showed  a  much  greater  uniformity  of 
resistance  than  the  others,  the  ranges  of  strength  being  re- 
spectively 5§  tons  and  9^  tons.  The  former  also  bore  the  usual 
tests  of  cold  bending  much  better  than  the  latter. 

The  clearance  of  the  die  has  also  been  found  to  influence  the 
strength  of  the  plate  after  punching. 

Mr.  Sharp  found,  as  the  result  of  four  experiments  with 
T^-"  holes  punched  in  a  ■£■"  unannealed  plate,  that  when  the 
clearance  was  T3<r",  tantamount  to  a  considerable  countersink, 
the  plate  was  25  per  cent,  stronger  than  when  the  die  was  only 
Ty  larger  than  the  punch. 

Some  further  experiments  recorded  by  Mr.  E.  J.  Reid,  for 
ascertaining  to  what  extent  this  effect  could  be  relied  upon, 
were  made  with  \"  Bessemer  steel  plates  punched  with  f  holes. 
Four  of  the  test  pieces  had  y1^"  and  four  had  T3g-"  taper  in  the 
holes.  The  gain  of  strength  was  about  10  per  cent,  in  favour 
of  the  increased  taper.  Mr.  Reid  remarks  that  much  of  the 
injury  done  to  Bessemer  steel  is  due  to  the  strain  at  the  under 
side  of  the  hole.  Indications  of  this  in  minute  cracks  may  be 
detected  on  close  examination.  A  little  increase  in  clearance 
removes  these,  and  gives  the  good  result  above  indicated. 

The  same  authority  gives  an  account  of  some  experiments 
with  Y  puddled  steel  plates,  2  7  inches  broad,  having  an 
average  tensile  strength  of  33  ^  tons  per  square  inch  length- 
wise, and  27 i  tons  across  the  fibre.  The  average  strength  both 
ways  was  about  four  tons  per  square  inch  of  nett  section  less 
for  punched  than  for  drilled  holes,  which  were  diameter- 
equivalent  to  a  removal  of  nearly  \  the  section  of  the  stripa 
tested. 

Further  experiments  with  strips  4-j"  wide,  having  two  T9ff" 
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holes  equal  to  a  removal  of  rather  raoro  than  one  quarter  the 
Motion,  showed  a  loss  of  G  tons  per  square  inch  of  nctt  section. 

Some  experiments  were  made  with  eight  strips  of  J"  pud- 
Ued  steel,  4  0G  wide,  with  two  *"  holes  punched  at  equal 
littances  from  each  other  and  the  edges  of  the  strip.  Four 
l)i  these  pieces  were  annealed  after  punching,  and  four 
Lvero  not.  The  results  showed  there  was  no  gain  from 
linnealing,  exhibiting  a  marked  difference  from  the  Bessemer 
|»teel  in  this  respect.  The  tensilo  strength  was  34  and  30J 
Lous  per  square  inch  along  and  across  the  fibre. 

Eight  tests  with  J"  crucible  cast -steel  plates  gave  an  average 
lensile  strength  of  26 G3  tons  lengthwise,  and  26*21  tons  per 
Iquare  inch  across  the  fibre.  Similar  plates  yV'  thick  ex- 
hibited a  gain  in  strength  from  annealing  after  being  punched. 
Iriie  loss  of  tenacity  by  punching  was,  lengthwise  and  cross- 
Iviso  respectively,  7  and  3^*  per  cent.  The  ga\n  of  annealed 
|)ver  unannealed  was  14  per  cent,  lengthwise  and  12  per 
lent,  crosswise. 

I  From  the  above  results  it  will  be  seen  that  Bessemer  steel 
In  punching  sustains  a  very  material  amount  of  injury,  and 
Ihould  therefore  bo  cither  drilled  or  else  annealed  after  the  ope- 
ration, when  punched.  The  puddled  steel  plates  experimented 
lipon  did  not  suffer  so  much  from  punching,  nor  was  their 
Itrength  so  fully  restored  by  annealing. 

I  In  consequence  of  their  lower  price,  steel  boiler  plates  aro 
Inostly  made  of  Bessemer  steel  of  the  mildest  quality,  but 
Irucible  cast  steel  is  also  sometimes  used.  Their  tensile 
Itrength  cannot  be  taken  at  more  than  33  tons  and  36  tons 
lespectively,  or  about  57  per  cent,  and  71  per  cent,  greater 
than  wrought  iron,  tho  elongation  being  from  10  to  25  per 
lent,  when  the  quality  is  good.  A  steel  boiler-shell  may 
Iherefore  be  made  of  plates  at  least  one- third  less  in  thick- 
less  than  a  similar  shell  of  wrought  iron,  to  ensure  equal 
Itrength.  But  the  reduction  in  thickness  of  the  internal 
lues,  which  aro  subject  to  a  collapsing  pressure,  cannot  bo 
liken  in  the  same  proportion.  In  compressive  strength  and 
IthTuess  mild  steel  is  indeed  superior  to  wrought  iron  (the  ratio 
leiug  about  the  same  as  for  the  tenacity)  ;  but  in  estimating 
Iho  collapsing  pressure  of  a  furnace-tube  of  ordinary  dimensions 
le  shall  find  that,  for  a  given  pressure,  the  thickness  cannot 
|e  reduced  more  than  about  one-sixth,  if  we  substitute  steel 
:r  iron,  which  gives  us  iustead  of  -|"  piates. 
Jn  favour  of  the  steel,  however,  it  may  bo  remarked  that 
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tlie  wasting  caused  by  the  action  of  the  heat  in  the  furnace  is 
less  in  thin  than  in  thick  plates.  For  this  reason,  and  also  on 
account  of  the  hardness  of  the  steel  resisting  abrasion  better, 
steel  plates  arc  more  durable  than  iron. 

Besides  the  weight  saved  by  using  steel, — often  a  most  im- 
portant consideration, — it  may  be  urged  that  the  thinner  plates 
will  conduct  the  heat  more  rapidly,  and  give  a  corresponding 
superior  evaporative  efficiency.  This  superiority  is  not,  strictly 
speaking,  in  proportion  to  the  reduction  of  thickness,  the  rela- 
tive conducting  powers  of  steel  and  iron  being  about  218  and 
244.  In  the  case  of  an  internal  flue-tube  the  gain  and  loss 
would  be  about  equal.  But,  as  we  shall  see  in  the  chapter  on 
Heating  Surfaces,  we  cannot  reckon  upon  any  gain  in  evapora- 
tive efficiency  by  using  a  slightly  thinner  and  better  conducting 
material. 

The  effects  of  corrosion  on  steel  boiler  plates  will  be  con- 
sidered in  its  place,  along  with  the  wear  and  tear  of  boilers.  It 
may,  however,  be  here  observed  that,  if  the  corrosion  acts 
equally  on  both  materials,  the  strength  of  a  thin  plate  will 
suffer  more  proportionately  than  a  thicker  one. 

Experiments  on  the  strength  of  steel  riveted  joints  conducted 
and  recorded  by  Mr.  Kirkaldy  seem  to  prove  that  for  the  size 
of  rivet  a  greater  diameter  than  double  the  thickness  of  the 
plate  is  required  for  riveting  in  steel  with  plates  of  the  thick- 
ness and  great  tensile  strength  of  those  used  in  the  experiments. 
The  plates  tested  were  all  ^V"  thick  by  3'  broad,  having  a 
tensile  strength  of  43£  tons.  Some  were  in  their  usual  soft 
state,  and  others  were  hardened  in  oil.  In  the  former  two  T7g-" 
rivets  failed  by  shearing,  and  with  two  TV'  rivets  the  plate  was 
torn  across  in  two  instances  with  a  loss  of  45  *G  and  43*5  per 
cent,  of  tenacity  compared  with  the  solid  plate.  This  shows 
a  loss  of  strength  in  the  nett  section  equal  to  about  7  '2  per 
cent.  In  the  hardened  plates  T7g-"  and  rivets  were  sheared 
through.  With  a  load  only  15*9  per  cent,  less  than  that  borne 
by  the  entire  soft  plate,  the  hardened  plate  cut  through  one 
rivet,  whilst  the  other  remained  good,  the  plate  corner  tearing 
off.  These  experiments,  taken  together  with  Fairbairn's  on  iron 
plates,  show  that  in  a  single-riveted  joint,  with  the  rivets  just 
large  enough  to  fail  before  the  plates,  the  loss  of  strength  bears 
about  the  same  proportion  to  the  strength  of  the  solid  plate 
whether  the  joint  be  of  iron  or  steel ;  al>:o  that  hot  rivets  do 
not  reduce  the  strength  of  the  plate,  and  that  the  plates  hard- 
ened in  oil  and  joined  together  with  rivets  are  fully  equal  in 
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strength  to  unjoin  tod  soft  plates  having  the  same  gross  sectional 
area. 

Tho  hardening  in  oil  was  found  not  only  to  harden,  but  also 
to  considerably  toughen  the  steel.  Hardening  in  water  reduced 
the  strength.  In  these  experiments  tho  breaking  weight  of  tho 
rivet  steel  bar  was  about  38J  tons  per  square  inch,  and  tho 
mean  shearing  strength  of  tho  rivets  in  the  joint  was  about 
|28i  tons,  or  2G*2  per  cent,  less  than  tho  tensile  strength. 
Respecting  tho  results  of  these  experiments,  it  may  bo  observed 
that  tho  plates  wero  of  harder  steel  than  can  be  trusted  for 
boiler-making,  and  tho  gain  in  strength  by  hardening  in  oil  was 
probably  greater  than  would  be  found  in  using  milder  steel 
which  does  not  temper.  Tho  plates  also  appear  to  have  been 
considerably  stronger  than  the  rivets,  which  may  in  somo  mea- 
sure account  for  the  disproportionately  largo  area  it  was  found 
lecessary  to  allow  them. 

Experience  has  shown  that  much  greater  care  is  required  in 
jieating  steel  rivets  not  to  injure  them,  than  is  necessary  when 
ron  rivets  are  used,  and  they  should  bo  hammered  down  quickly 
before  they  have  time  to  cool,  and  closing  up  by  machine  is 
^referable  to  hand  riveting  when  steel  rivets  are  used. 

Tho  use  of  any  but  the  mildest  steel  should  be  avoided,  as 
ivots  of  high  steel  sometimes  become  so  hard  after  closing  up 
hat  it  is  impossible  to  remove  them  when  repairs  are  required. 
This  is  probably  owing  to  tho  effect  of  some  chill  they  receive 
Q  cooling,  as  might  be  caused  by  tho  water  dropping  on  them, 
vhich  is  sometimes  used  for  keeping  tho  cup  cool  in  machine 
iveting.  ^  Tho  heads  are  readily  enough  knocked  off,  but  the 
hanks  will  sometimes  resist  the  hardest  drill,  necessitating  tho 
fitting  out  of  the  plates.  Tho  heads  of  steel  rivets,  if  not 
arefully  worked,  are  more  liable  to  fall  off  than  those  of  iron, 
»y  jars,  careless  caulking,  or  rough  usage. 

It  is  owing  to  the  abovo  difficulties  that  the  use  of  steel  rivets 
m  been  altogether  given  up  by  some  boiler-makers,  who  prefer 
;sing  iron  rivets  with  steel  plates.  The  usual  pitch  and 
iameter  of  rivets  is  in  these  cases  generally  adhered  to.  It  io. 
owever,  advisable  to  reduce  the  pitch  slightly,  and  tc  use  a 
irger  number  of  smaller  rivets,  to  ensure  tightness.  In  wrought- 
xm  double-riveted  lap  joints  and  double-fished  butt  joints, 
ith  either  single  or  double  riveting,  the  strength  of  the  rivets 
I  usually  in  excess  of  that  of  the  plates  up  to  ±"  in  thickness. 
>y  using  the  same  size  and  pitch  of  rivets  with  steel  plates  the 
quality  in  strength  is  more  nearly  attained. 
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Mr.  Kirkakly  records  two  experiments  on  the  strength  of 
welded  steel  Lars.  The  results  were  very  unsatisfactory,  one 
bar  breaking  with  a  loss  of  45  and  the  other  of  59'G  per  cent. 
Two  other  bars  parted  at  the  weld  during  the  operation  of  form- 
ing the  heads  for  testing.  As  the  tensile  strength  of  the  un- 
welded  steel  bar  was  about  50 \  torn?,  it  would  not  be  so 
favourable  for  welding  soundly  as  one  of  milder  steel.  It  is 
considered  that  Bessemer  steel  having  a  tenacity  of  from  35  to 
45  tons  both  tempers  and  welds  badly.  With  a  less  strength 
it  will  not  temper,  but  can  be  welded  ;  and  with  a  greater 
tenacity  it  will  not  weld,  but  tempers  well. 

The  following  tests  are  those  given  by  Gammell  and  Co.  for 
steel  plates  : — 

Forge  test  (hot). — All  plates  one  inch  thick  and  under  to 
bend  hot  without  fracture  to  an  angle  of  180°,  both  lengthwise 
and  across  the  grain. 

Forge  test  (cold). — All  plates  will  admit  of  bending  cold  with- 
out fracture  as  follows  : — 
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RIVETIKG, 

Untfl  boiler-shells  and  tubes  of  largo  diamotcr  can  be 
rolled  from  a  solid  block  like  tyres,  or  drawn  Bolid  like  small 
tubes,  the  edges  of  both  iron  and  steel  boiler  plates  require  to 
be  joined  either  by  welding  or  riveting. 

But  few  if  any  engineers  are  now  to  be  met  with  who  would 
venture  to  maintain  that  the  riveted  lap-joints  of  a  m  w  l>  rilei 
are  stronger  than  the  entire  plate  ;  yet  this  was  the  current 
opinion  some  forty  years  ago,  however  incredible  it  may  now 
appear.  It  was  only  after  numerous  direct  experimentl  had 
proved  its  fallacy  that  the  orror  was  abandoned.  By  what 
show  of  reasoning  this  view  was  arrived  at,  it  is  difficult  to  con- 
ceive. Perhaps  the  union  of  the  plates  was  regarded  as  perfect  ; 
and  then  the  conclusion  would  naturally  follow,  that  the  double 
thickness  was  stronger  than  the  single.  The  nip  of  the  rivet 
in  cooling  may  have  been  accredited  with  a  greater  value  than 
we  are  now  inclined  to  assign  to  it. 

Generally  speaking,  the  riveted  joints  are  the  weakest  portion 
of  a  new  boiler,  when  there  are  no  largo  unstrengthened  dome 
or  man-holes.  Since  the  strength  of  a  structure  must  be  mea- 
sured by  its  weakest  part, — the  strength  of  a  chain  by  its  weakest 
link, — the  subject  of  riveting  becomes  all  important. 

Riveted  joints  are  of  various  descriptions  :  those  we  are  con 
cerned  with  are  designated  single  and  double  riveted  lap-joints, 
single  and  double  riveted  butt-joints.  The  latter  are  made 
with  either  a  single  or  double  covering-strip,  welt,  or  fish- plate, 
as  the  piece  joining  the  plates  is  variously  called.  Double- 
riveted  joints,  both  lap  and  butt,  may  have  their  rivets  arranged 
one  row  directly  behind  the  other,  called  chain  riveting,  or  in 
zigzag  fashion,  which  is  most  common  and  the  best  for  boiler- 
making. 

The  rivets  themselves  are  of  various  descriptions,  or  rather 
their  heads  are  made  in  various  forms.  There  is  first,  the  ordi- 
nary conical  or  pointed  head,  which  is  formed  by  knocking 
down  the  point  with  light  hammers.  This  shape  is  always 
employed  where  the  space  available  for  hammering  down  the 
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point  i3  limited,  as  when  effecting  repairs  with  the  boiler  on  it? 
seat.  Although  to  some  extent  employed  in  new  work,  it  i? 
not  so  well  liked  as  formerly,  there  being  nothing  to  recommend 
it  but  the  facility  of  making  and  the  shapely  appearance  it  pre- 
sents when  well  formed.  The  thinness  of  the  collar  renders  it 
more  vulnerable  than  the  snap  head  when  attacked  by  corro- 
sion. The  height  of  the  conical  head  varies  in  different  works, 
but  it  should  be  made  about  equal  to  f  the  diameter  of  rivet. 
It  is,  however,  commonly  made  too  flat,  which,  besides  having 
the  defect  of  offering  little  material  to  withstand  corrosion, 
frequently  causes  the  head  to  be  very  brittle  and  easily  de- 
tached by  a  single  blow  from  a  hand  hammer.  This  brittlenesii 
is  probably  caused  by  the  sudden  cooling  of  the  small  quantity 
of  iron  for  the  point  when  inserted  in  the  hole  and  flattened 
out,  together  with  the  amount  of  cold  hammering  the  iron  re- 
ceives in  finishing. 

The  snap  or  cup  head  is  the  best,  and  is  formed  by  roughly 
hammering  down  the  point ;  the  form  of  the  head  being  com- 
pleted by  holding  a  cup-shaped  die  on  it,  which  is  struck  with 
a  heavy  hammer.  The  height  of  the  snaphead  should  be  about 
-J  the  diameter  of  rivet,  but  it  varies  considerably,  being  from 
-}  to  |  the  diameter.  The  diameter  of  the  head  also  varies  con- 
siderably ;  the  usual  custom  is  to  make  the  shoulder  from 
iV  ^°  A'  ^or  rive^s  from  f "  to  -f-"  diameter. 

Most  makers  avoid  making  the  bottom  of  the  head  cylindrical 
or  parallel,  but  bring  it  to  a  sharp  edge  to  facilitate  caulking. 
This  shape  is  the  best  for  machiue  riveting,  where  the  edge  of 
the  head  cannot  be  finished  off  as  in  cupping  by  hand,  but 
usually  requires  to  be  subsequently  dressed  and  caulked. 

The  countersunk  head  is  formed  by  hammering  down  the 
point  into  the  conical  hole  prepared  for  it ;  it  is  then  usually 
dressed  off'  with  a  chisel  and  hammer.  Although  extensively 
used  in  ship-building,  its  employment  in  boiler-making  is 
almost  limited  to  cases  where  even  surfaces  are  required  for 
mountings,  &c. 

Countersinking  should  always  be  avoided  in  riveting  angle- 
irons,  saddle-plates,  or  brackets,  employed  for  securing  stays, 
or  wherever  the  force  acts  in  the  direction  of  the  length  of  the 
rivet.  Not  only  is  the  countersinking  liable  to  leak  under  such 
circumstances,  but  the  head  has  a  very  insecure  hold  of  the 
plate,  and  is  liable  to  be  drawn  through  the  hole  by  a  much 
less  pressure  than  is  required  to  tear  the  rivet  asunder. 

The  allowance  made  in  the  length  of  the  rivet  for  forming 
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the  head  should  be  about  l£  times  the  diameter  for  snap  and 
conical  heads,  and  about  equal  to  the  diameter  for  countersunk 
Loads.  In  machine  riveting  the  length  requires  to  be  \"  to  \" 
more  than  tho  above. 

The  tails  of  tho  rivets  are  generally  made  pan  or  Hat  shaped, 
except  in  machine  riveting,  where  the  cup  or  bimilar  form  is 
almost  invariably  employed. 

In  making  tho  different-shaped  heads  the  rivets  may  be  closed 
up  either  hot  or  cold  :  tho  latter  method  is  said  to  be  employed 
to  somo  extent  in  tho  United  States,  but  very  rarely  in  this 
country.  Tho  closing  up  may  bo  effected  either  by  hand  or  by 
machine  worked  by  steam,  water,  or  compressed-air  power. 

Machine  riveting  upsets  the  rivet  and  closes  up  tho  hole 
better  than  hand  riveting,  as  the  dead  heavy  pressure  is  exerted 
through  the  whole  mass  of  the  rivet,  and  tho  effect  is  not  con- 
centrated upon  the  point  as  it  must  be  with  a  succession  of  li^ht 
sharp  blows  from  a  hammer.  Tho  evil  of  the  rivet  not  filling 
the  hole  well  is  sometimes  aggravated  in  hand  work  by  tho 
blows  being  dealt  on  tho  circumference  of  tho  point,  in  Older 
to  form  a  shoulder  speedily  to  resist  tho  hammering,  insi  A  of 
letting  them  fall  dead  on  tho  point,  which  should  tend  to  make 
tho  rivet  first  fill  tho  hole  before  tho  shoulder  is  formed. 

Tho  possiblo  disadvantage  of  machine  riveting  is  that  tho 
plates  may  not  bo  nipped  tightly  together,  and  the  rivet  may 
be  squeezed  out  between  them,  causing  a  permanent  separation 
of  the  surfaces  which  should  bo  in  contact.  The  pressure  of 
tho  machine  not  coming  ou  t)  tho  plates  until  the  hole  has 
been  filled,  is  sometimes  not  so  effective  in  closing  the  joint  as 
tho  lighter  pressuro  brought  upon  the  plates  in  hand  riveting, 
where  tho  men  drop  a  few  blows  round  the  hole  1  efore  operating 
on  the  rivet  in  order  to  set  the  plates  close  together. 

Hydraulic  riveting  is  more  gradual,  and  is  generally  prefer- 
able to  steam  riveting,  the  pressuro  from  which  often  comes 
upon  the  rivet  with  a  violent  blow,  and  does  not  allow  time  for 
tho  rivet  to  fill  the  hole  so  well  as  with  the  former  metho  i  ;  but 
it  is  still  preferable  to  hand  riveting,  although  the  appearance 
of  the  last  is  tho  most  pleasing  to  the  eye. 

As  the  result  of  numerous  experiments  by  different  authori- 
ties, the  average  tensile  strength  of  good  livet  iron  may  be  taken 
at  24  or  25  tons  per  square  inch.  It  is  but  seldom,  however, 
that  tho  tensile  strength  of  a  rivet  is  taxed  in  a  boiler  except  in 
the  fiat  end  plate,  mounting  and  stay  attachments,  where  the 
stress  tends  to  tear  off  the  heads.    In  a  lap  joint  and  single- 
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filled  butt  joint  the  force  pulling  the  plates  asunder  tends  to 
vliear  the  rivets  through  in  one  place  only,  in  the  direction  of 
Its  diameter, — this  is  called  a  single  shear.  In  a  double-fished 
butt  joint  the  rivet  is  exposed  to  a  double  shear,  as  the  plates 
in  parting  asunder  tend  to  cut  the  rivet  through  in  two  places. 

It  has  been  determined  by  experiment  that  the  ultimate  re- 
sistance to  shearing  is  proportional  to  the  area  of  the  rivet,  and 
h  practically  the  same  as  the  ultimate  resistance  to  a  direct 
longitudinal  tensile  stress,  or  25  tons  per  square  inch.  As  a  rivet 
in  double  shear  offers  twice  the  area  to  resist  breaking  that  it 
does  in  single  shear,  it  should  evidently  be  twice  a3  strong  in 
the  former  case  as  in  the  latter.  The  above  cannot,  however, 
be  regarded  as  the  shearing  resistance  of  a  rivet  in  actual  boiler 
work,  where  its  strength  is  affected  by  the  heating  and  hammer- 
ing down  to  fill  the  hole  and  to  form  the  head,  and  in  the 
second  place  by  the  tension  produced  by  contraction  in  cooling. 

In  some  experiments  undertaken  for  the  Admiralty  at  Chat- 
ham i"  rivets  of  best  Yorkshire  iron  were  found  to  have  a  mean 
single -shea ring  strength  of  10  tons  each  (a  fact  easily  remem- 
bered, and  of  some  use,  a3  i"  is  a  very  common  size  for 
boiler  rivets),  and  a  double-shearing  strength  of  18  tons.  These 
strengths  correspond  respectively  to  about  22|-  tons  and  20j 
tons  per  square  inch  of  sectional  area  sheared  through.  Mr. 
Doyne  found  the  strength  of  rivets  of  various  sizes  and  descrip- 
tions in  ordinary  riveted  work  averaged  18*82  tons  for  single 
shear  and  17  tons  for  double  shear  per  square  inch  of  sectional 
area.  The  longitudinal  tensile  strength  of  the  rivet  not  being 
given,  we  are  unable  to  estimate  the  loss  of  strength  due  to 
riveting  up. 

The  shearing  strength  of  iron  rivets  with  thin  steel  plates 
has  been  found  to  be  less  than  with  iron  plates  of  the  same 
strength.  This  is  probably  due  to  the  harder  steel  cutting  into 
the  iron  of  the  rivet.  The  average  of  eight  experiments  by 
Mr.  Sharp  with  steel  plates  and  iron  rivets  gave  18*68  tons  per 
square  inch. 

We  may  safely  take  the  strength  of  the  rivet  as  equal  to  the 
tensile  strength  of  the  plate,  or  21  tons  per  square  inch  for 
either  single  or  double  shear. 

It  is  obvious  that  the  contraction  of  the  rivet  in  cooling  must 
press  the  plates  between  the  heads  closely  together,  The 
tension  thus  caused,  although  affecting  the  shearing  strength  of 
the  rivet,  must  add  materially  to  the  strength  and  tightness  of 
the  joint.    Mr.  E.  Clark,  in  his  work  on  the  Britannia  and 
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Conway  Tubular  Bridges,  gives  au  account  of  some  interesting 
experiments  to  ascertain  tho  amount  of  friction  caused  by  the 
contraction  of  rivets  in  cooling,  accompanied  by  some  excellent 
remarks  : — 

"The  contraction  of  a  wrought-iron  rod  in  cooling  is  about 
equivalent  to  y^rtTy^  of  its  length  from  a  decrease  of  temperature 
of  15°  Fahrenheit,  and  the  strain  thus  induced  is  about  1  ton 
for  every  square  inch  of  sectional  area  in  the  bar.  Thus,  if  a 
rivet  1  inch  in  section  were  closed  at  a  temperature  of  'JUO  , 
it  would,  in  cooling,  decrease  in  length  ,,,';/!,„  of  its  Length, 
and,  if  its  elasticity  and  strength  remained  \  erfect,  would  pro- 
duce a  tension  of  GO  tons.  The  ultimate  strength  of  rivet  iron, 
however,  being  only  24  tons,  tho  rivet  would,  in  oooling,  bo 
permanently  obligated,  and  would  continue  when  cool  to  exert 
a  tension  of  24  tons,  provided  its  elasticity  remain  uninjured 
by  tho  strain.  Thus,  if  the  rivet  wore  not  in  oontaot  with  the 
plates,  excepting  at  tho  head  and  tail,  the  plates  would  be  held 
together  by  a  pressure  of  24  tons,  and  this  friction  would  have 
to  bo  overcome  before  tho  rivet  camo  into  action  as  ;i  mere  pin. 

"  Tho  following  experiments  were  made  to  ascertain  the 
value  of  friction  induced  by  this  oooling  and  consequent  con- 
traction of  tho  rivets,  and  tho  force  requisite  to  slide  the  plates 
over  each  other.  For  this  purposo  three  J -inch  plates  were 
riveted  together  with  a  single  J-ineh  rivet,  but  the  hole  in  the 
centre-plate  was  oval,  and  very  much  larger  than  the  rivet, 
being  2£  inches  in  its  longest  diameter.  Weights  were  sus- 
pended from  tho  centre-plate  until  it  slipped  and  bore  upon  thf 
rivet ;  it  supported  5  59  tons  before  it  began  to  slide,  which  it 
did  abruptly. 

"  The  experiment  was  repeated  with  tho  addition  of  an 
^-iuch  plate  of  iron  riveted  on  each  side,  between  tho  heads  of 
the  rivet  and  tho  plates,  making  tho  shank  of  the  rivet 
2 J  inches  long  ;  4*47  tons  caused  the  plates  to  slide. 

"  The  last  rivet  having  been  found  faulty,  the  experiment 
was  repeated  exactly  as  before,  and  the  plates  sustained 
7*94  tons  before  they  slipped. 

"  In  the  next  experiment  a  ^-inch  rivet  was  inserted  through 
two  plates,  with  large  holes,  with  a  Tv-iiicli  washer  on  each 
6ide  next  the  rivet-head.  This  combination  supported  4*73  tons 
before  it  gave  way.'* 

In  his  work  on  "Ship-building,"  Mr.  E.  J.  Reed  records 
some  experiments  of  a  more  detailed  description  than  those  of 
Mr.  Clark. 
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"Three  plates  were  united  by  what  is  known  as  a  'chain- 
joint  ' — that  is,  the  ends  of  the  two  outer  plates  overlapped  the 
end  of  the  middle  plate.  The  connection  of  the  plates  was 
made  by  three  rivets  passing  through  the  lap,  the  rivet-holes  in 
the  outer  plates  being  filled  by  the  rivets,  but  the  bearing  sur- 
face of  the  holes  in  the  middle  plate  being  slotted  out,  as 
shown  in  the  sketch  (fig.  2).  It  will  thus  be  obvious  that 
Fig.  2.  when  a  tensile   strain  was  brought 

upon  the  middle  plate,  the  amount 
of  the  friction  could  be  measured 
by  the  force  just  able  to  produco 
a  sliding  motion.  The  breadth  of 
the  lap  was  three  diameters,  the 
rivets  were  a  diameter  clear  of  the 
edge  of  the  plates,  and  their  pitch 
was  four  diameters.  There  were  two 
sets  of  experiments  made  with  iron 
plates  and  rivets,  and  in  each  set 
two  experiments  were  made  with 
rivets  having  heads  and  points  snap 
headed  ;  two  others  with  rivets  having 
pan  heads  and  conical  points ;  and 
the  remaining  two  with  rivets  having 
countersunk  heads  and  points.  The 
experiments  were  made  in  duplicate, 
in  order  to  reduce  the  chance  of  error.  The  first  set  of  experi- 
ments were  made  with  ^-inch  plates,  8^  inches  wide,  the  rivets 
being  -|  inch.    The  results  were  as  follows  : — 


Description  of  Rivet. 

Friction  per  Rivet. 

1st 

Experiment. 

2nd 
Experiment. 

Mean. 

Tons. 

Tons. 

Tons. 

Snap  heads  and  points  ,  . 

5-14 

4-21 

4-67 

Pan  heads  and  conical  points  . 

5-26 

4-81 

5'0 

Countersunk  heads  and  points. 

4-56 

3/4 

4-15 

Mean  of  the  three  . 

4-61 

The  second  set  of  experiments  were  made  with  plates  11  inches 
wide  and  ^-inch  thick,  the  rivets  used  being  1  inch  diameter. 
The  following  results  were  obtained  under  the  above-stated 
conditions  of  pitch  of  rivets,  lap,  &c.  :- — ■ 


o 
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Description  of  Rivet. 

Friction  l»«  r  Rivot 

lHt 

Experiment. 

2nd 
Bxperlme&l 


Mean. 

Ton*. 

Tons. 

Tons, 

Snap  heads  and  points  .  . 

5  04 

67 

Pan  heads  and  conical  points  . 

C-S7 

I'M 

7-0 

Countersunk  heads  aud  points  . 

456* 

4*09 

4  3 

Mean  of  the  threo  . 

60 

14  Iii  addition  to  theso  experiments  with  iron  plates  and 
rivets,  two  other  sets  of  experiments  were  made  with  steel 
plates  and  rivets  of  exactly  the  same  dimensions  as  those  used 
in  the  former  experiments,  the  piibh  of  rivets,  breadth  of  lap, 
<fcc.,  being  in  each  case  identical  with  those  previou-ly  given. 
With  ^-inch  plates  and  ^-inch  rivets,  tho  results  obtained  were 
as  follows  : — 


Description  of  Rivot. 

Mutton  pv  Rivet. 

1st 

Experiment. 

2nd 
Experiment. 

Mc:ui. 

Tons. 

Tons. 

Tons. 

Snap  heads  and  points  .  . 

8-86 

409 

3-93 

Fan  heads  and  conical  points  . 

4-7') 

4-7'J 

4'7'J 

Countersunk  heads  and  points  . 

3  48 

3-1J 

353 

Mean  of  the  three  . 

41 

With  §-inch  plates  and  1-inch  rivets,  the  following  result* 
were  obtained  : — 


Description  of  Rivet. 

Friction  per  Rivet. 

1st 

Experiment. 

2nd 
Experiment. 

Mean. 

-  I 

Tons. 

Tons. 

Tons. 

Suap  heads  and  points .  . 

6-43 

5*49 

5.96* 

Pan  heads  and  conical  points  . 

5-49 

None  made. 

5-49 

Countersunk  heads  and  points  . 

4-91 

5*08 

Mean  of  the  three  . 

549 

"It  thus  appears  that  rivets  with  pan  heads  and  conical 
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points  have  the  advantage  over  both  the  other  descriptions  of 
riveting.  The  only  exception  to  this  is  found  in  the  second 
Get  of  the  experiments  with  steel  plates  and  rivets  ;  but,  as  only 
one  experiment  was  made,  the  result  cannot  be  relied  on.  It 
also  becomes  evident  that  countersunk  riveting  causes  much 
less  friction  than  the  other  systems.  On  comparison,  it  will  be 
seen  that  in  nearly  all  cases  steel  plates  and  rivets  give  less 
friction  than  iron,  the  only  exception  being  the  cases  of  rivets 
with  snap  heads  and  points,  and  those  with  countersunk  heads 
and  points,  in  the  same  set  of  experiments.  The  former  of 
these  exceptions  is  scarcely  worth  notice,  as  the  difference  is  so 
small.  The  use  of  larger  rivets  with  the  same  pitch,  &c. ,  gives 
an  increase  in  the  friction,  but  no  law  of  increase  appears  to  be 
conformed  to. 

"  Although  these  experiments  do  not  give  any  definite  idea 
of  the  probable  amount  of  friction  which  would  result  from  the 
use  of  rivets  having  different  diameters  and  pitch,  they  yet 
serve  to  show  how  much  the  strength  of  a  riveted  joint  is 
increased  by  the  contraction  of  the  rivets." 

Now,  if  we  take  the  coefficient  of  friction  of  wrought  iron 
upon  wrought  iron  at  *18,  and  assume  the  rivets  to  act  with 
the  full  tension  of  24  tons  per  square  inch  of  section  in  squeez- 
ing the  plates  together,  we  should  require  4*3  tons  weight  per 
square  inch  of  rivet  to  overcome  the  friction  of  the  two  surfaces. 
The  high  results  obtained  from  the  experiments  were  probably 
due  to  the  inequalities  and  dirt  on  the  surfaces  of  the  plates  in 
contact,  which  would  materially  increase  the  friction. 

It  must  not,  however,  be  concluded  that  the  value  of  a  rivet 
is  to  be  determined  by  adding  to  its  shearing  strength  the 
amount  of  friction  between  the  plates  produced  by  its  contrac- 
tion in  cooling.  Although  these  two  elements  of  strength  act 
together  in  a  well-filled  hole,  they  cannot  be  considered  as 
acting  independently.  Whatever  gain  is  obtained  by  the  con- 
struction is  to  some  extent  counterbalanced  by  the  loss  of 
strength  due  to  the  tension  on  the  rivet. 

The  manner  in  which  a  severe  tensile  strain  affects  a  lap  joint 
by  pulling  it  athwart  the  line  of  strain  (fig.  7,  page  09),  must 
also  tend  to  diminish  the  friction  of  the  plates.  Long  before  the 
ultimate  resistance  of  the  joint  is  reached,  especially  with  single 
riveting,  the  friction  of  the  plates  must  be  greatly  diminished, 
and  cannot  be  regarded  as  materially  influencing  the  ultimate 
strength  of  the  joint. 

In  old  boilers  it  is  probable  that  the  tension  of  the  rivet 
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becomes  gradually  eased  by  tho  continual  straining  and  altera- 
tion of  tomperature,  which  will  in  time  affect  tho  nature  of  tho 
iron.  The  friction  may  not,  however,  ho  diminished  in  tho 
same  proportion,  as  wo  may  expect  the  contact  of  the  surfaces 
to  becomo  moro  perfect  after  long  wear  together. 

There  can  he  no  doubt  that  sever.-  caulking,  M  OOttmonly 
practised,  must  tend  to  diminish  tho  friction  between  tho  plates, 
especially  when  they  are  thin.     Tho   sketch  (fig.  o)  show* 
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the  manner,  somewhat  exaggerated,  in  which  the  plates  are 
forced  apart  by  the  caulking,  when  done  with  a  set  and  heavy 
hammer. 

When  the  edge  of  the  caulking  tool  is  very  thin,  it  is  some- 
times driven  by  careless  workmen  right  into  the  joint,  wedging 
it  wide  open.  There  should  now  no  longer  be  necessity  f.»r 
severe  caulking,  since  it  has  become  the  practice  in  all  good 
boiler  works  to  plauo  the  edges  of  tho  plates.  This  not  only  leaves 
a  better  edge  for  light  caulking,  especially  when  it  is  slightly 
bevelled,  but  at  tho  same  time  it  enables  a  moro  uniform 
amount  of  lap  from  the  centre  of  the  hole  to  be  maintained 
than  when  the  edges  were  dressed  by  hand,  and  conduces 
greatly  to  the  facility  of  making  a  tight  joint. 

In  tryiug  situations,  where  it  is  difficult  to  keep  a  joint 
tight,  too  much  lap  is  decidedly  worse  than  a  slight  deficiency. 
One  and  a  half  times  the  diameter  from  the  centre  of  the  rivet 
to  the  edge  of  the  plate  is  found  sufficient  in  every  case 

Se  vere  and  careless  caulking  has  more  to  answer  for  than  is 
:ommouly  supposed.  On  the  inside  of  the  boiler  it  often 
.nduces  grooving  and  fracture,  and  even  where  grooving  has  no 
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existence,  the  fractures  of  the  plates  in  cxploled  boilers  often 
follow  the  line  of  caulking  in  preference  to  the  line  of  rivet 
holes. 

The  contraction  of  the  rivet  iu  cooling  must  act  transversely 
as  well  as  longitudinally,  and  thus  cause  it  to  become  slack  in 
the  hole  it  filled  while  hot.  This  shrinkage  in  the  diameter  is 
also  increased  by  the  tension  due  to  longitudinal  contraction. 
That  the  total  shrinkage  from  these  causes  is  very  slight,  is 
shown  by  the  difficulty  sometimes  found  in  distinguishing  the 
line  between  the  rivet  and  plate  in  specimens  of  machine- 
riveted  work,  planed  down  to  exhibit  the  quality  of  the  work- 
manship. 

It  is  sometimes  affirmed  that  the  red-hot  rivet  acts  injuri- 
ously on  the  iron  round  the  hole  in  hard  and  steely  plates, 
especially  if  cooled  suddenly.  For  this  reason,  and  also  to 
obviate  the  tensional  strain  caused  by  the  contraction  of  hot 
rivets,  some  engineers  have  advocated  the  use  of  cold  riveting. 
This  certainly  has  the  advantage  of  precluding  the  employment 
of  all  but  the  very  best  rivet  iron,  and  of  demanding  that  the  holes 
shall  coincide.  On  the  other  hand,  it  is  said,  cold  hammering 
acts  injuriously  on  the  rivet-head  ;  and  on  this  account,  as  we 
stated  above,  conical  heads  are  falling  into  disuse.  It  is,  how- 
ever, questionable  whether  the  amount  of  hammering  that 
might  damage  bad  iron  would  seriously  affect  iron  of  good 
quality. 

When  the  length  of  the  rivet  is  considerable — as,  for  instance, 
in  the  joint  at  the  fire-hole  and  fire-box  foundation  rings  of 
some  locomotive  and  vertical  boilers — the  contraction  in  cooling 
often  affects  the  strength  of  the  rivet  to  an  injurious  degree, 
and  draws  off  the  head.  As  the  contraction  should  be  propor- 
tionate to  the  length  of  the  rivet,  it  is  not  very  clear  why  the 
strength  is  affected  by  the  length,  unless  the  tension  is  concen- 
trated just  beneath  the  point  where  the  rivet  remains  longest 
hot. 

Besides  the  shearing  and  stretching  strains  just  considered, 
boiler  rivets  are  exposed  to  other  severe  tests.  The  heads  are 
liable  to  be  knocked  off  externally  by  the  rough  usage  in  re- 
moving the  boiler  from  the  maker's.  Inside,  the  heads  are  ofter* 
detached  by  the  careless  use  of  hammers  and  picks  in  removing, 
incrustation. 

The  jarring  effect  from  hammering,  when  the  boiler  is  under- 
going repairs,  frequently  results  in  detaching  brittle  rivet-heads, 
and  when  exposed  to  the  action  of  the  fire  they  are  liable  to  be 
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burnt,  and  are  easily  knocked  off  by  a  careless  Btoker.  For 
thoso  reasons  alone,  it  is  evident  that  rivets  should  be  made  of 
lirst-rato  iron.  Yet  this  is  far  from  being  the  ge  neral  practice, 
and  the  large  quantities  of  rub;  Mi  that  command  a  Kale  as 
boiler  rivets  is  a  proof  of  tho  greed,  recklessness,  and  ignorance 
of  the  maker  and  purchaser  of  tho  boiler,  tho  ono  being  fre- 
quently no  moro  blainable  than  tho  other. 

Whilst  rivets  of  bad  iron  can  often  be  detached  by  a  few 
aharp  blows  with  a  light  hammer,  it  require*  from  twelvo  to 
twenty  poworful  blows  with  a  quarter-hammer  to  forco  off  a 
| -inch  rivet-head.  With  indifferent  iron,  little  or  no  distortion 
by  the  hammering  is  apparent  ;  but  with  very  good  iron  tho 
distortion  is  so  great  that  tho  portion  of  the  head  operated  upon 
will  bo  found  flattened  by  tho  set,  past  the  edge  of  tho  hole, 
before  the  iron  in  the  shank  yields. 

Rivet-holes  may  bo  punched  or  drilled.  Both  methods  havo 
their  partizans,  who  persistently  maintain  tho  superiority  of  the 
systom  they  advocate  over  tho  other.  Tho  usual  arguments  in 
favour  of  punching  aro  a  saving  of  from  one-third  to  one-sixth  of 
time  and  labour  as  compared  with  drilling — a  most  conclusive 
argument  with  the  manufacturer,  but  it  does  not  apply  so 
strongly  when  multiple  drilling-machines  can  bo  used.  The 
shapo  of  the  punched  hole,  which  is  conoidal  and  slightly 
countersunk,  is  considered  by  many  to  bo  moro  favourable  for 
tight  work  than  a  hole  made  by  tho  drill,  which  is  pantile]  or 
cylindrical.  There  are  many  boiler-yards  not  well  provided  with 
machinery,  where  even  tho  roundness  of  drilled  holes  cannot  bo 
depended  upon  in  the  haste  that  accompanies  most  of  the  opera- 
tions in  boiler-making.  The  punch  leaves  no  burr  behind  it,  as 
the  drill  does,  aud  which  should  bo  dressed  off,  but  is  too  often 
forgotten.  When  tho  overlapping  plates  are  drilled  together, 
the  burr  between  them  should  always  bo  removed,  as  it  is  liable 
to  prevent  their  closing  tightly  to  make  a  good  joint. 

It  is  argued  in  favour  of  tho  drill,  that  the  positions  of  the 
holes  marked  off  from  the  overlapping  plate  can  be  preserved 
moro  faithfully  with  it  than  with  the  punch.  This  is,  doubtless, 
a  strong  argument  if  it  can  be  maintained,  for  these  half-blind 
holes  are  the  bane  of  boiler-making.  But  many  affirm,  and 
with  good  reason,  that  a  careful  and  skilful  workman  can  punch 
the  holes  as  accurately  as  they  are  likely  to  be  drilled,  unless 
both  plates  are  pierced  together.  In  some  boiler-yards  the 
accuracy  of  the  punched  holes  is  ensured  by  the  use  of  a  self- 
acting  traveller  for  feeding  in  the  plate.    When  the  positions  of 


64 


A  TREATISE  ON  STEAM  BOILERS. 


the  holes  are  marked  by  a  centre-punch,  the  plan  is  sometimes 
adopted  of  forming  a  very  small  projection  on  the  bottom  of 
\l\e  punch,  which  enables  the  centres  of  the  holes  in  the  plate  to 
be  felt  for,  thereby  ensuring  as  much  accuracy  as  can  be  claimed 
for  drilling.  A  somewhat  questionable  argument  in  favour  of 
drilled  holes  is,  that  the  rivets  are  more  easily  removed  when 
repairs  are  required.  But  the  chief  argument  in  favour  of  the 
drill  is,  that  it  does  not  injure  the  plates  like  the  punch. 

All  kinds  of  boiler  plates,  worthy  of  the  name,  will  bear  punch- 
ing, and  in  the  great  majority  of  cases  without  exhibiting  any  indi- 
cations of  injury  from  the  process,  when  submitted  to  the  ordinary 
modes  of  scrutiny.  Yet  the  quality  of  the  plate  has  an  important 
influence  on  its  manner  of  bearing  the  severe  treatment  it  under- 
goes at  the  punching-machine.  Inferior  and  badly  refined 
plates,  being  brittle,  suffer  to  a  much  greater  extent  than  those 
of  better  and  more  ductile  quality.  In  fact,  punching  a  hole  at 
the  usual  distance  from  the  edge  (one  diameter  clear)  in  an  in- 
ferior ship  plate  will  often  produce  fracture.  Jt  is  not  always 
the  very  best  brands  that  pass  through  the  ordeal  of  punching 
with  the  least  injury.  Some  of  the  Best  Yorkshire  plates  are  of 
a  hard  and  stubborn  nature,  although  ductile,  and  possibly  do 
not  bear  punching  so  well  as  some  of  the  softer  South  Stafford- 
shire irons. 

There  is  still  a  want  of  conclusive  experimental  evidence  to 
decide  the  precise  amount  of  injury  plates  of  different  quality 
and  thickness,  with  holes  of  different  diameter,  pitch,  and  dis- 
tance from  edge,  sustain  in  punching.  It  is  generally  assumed 
that  plates  of  fair  quality,  having  a  tenacity  of  21  tons  per 
square  inch,  cannot  be  relied  upon  to  bear  more  than  16  or  17 
tons  per  square  inch  of  section  left  between  holes  in  ordinarj' 
steam-tight  riveted  joints,  equivalent  to  about  24  and  20  per 
cent,  loss  of  strength.  This  is  a  maximum  loss  for  hard  plates 
of  average  boiler  quality  ;  but  many  soft  plates  do  not  suffer 
more  than  from  4  to  8  per  cent,  loss  of  strength  with  the  hole3 
punched  a  whole  diameter  clear  of  the  edge,  and  at  the  second 
row  of  rivets  in  double  riveting  do  not  suffer  at  all.  If  the 
edge  of  the  plate  has  been  cut  near  the  edge  of  the  slab,  it  will  be 
likely  to  suffer  more  in  punching  than  if  cut  some  distance  from 
it.  As  the  risk  of  damaging  a  plate  by  punching  diminishes 
a3  the  distance  of  the  hole  from  the  edge  increases,  some  boiler- 
owners  who  prefer  punching  to  drilling  specify  their  plates  to 
be  cut  about  half  an  inch  larger  all  round  than  their  finished 
size,  in  order  to  keep  the  holes  a  safe  distance  from  the  edge  in 
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punching.  Tho  surplus  material  is  subsequently  planed  or 
dressed  oil*. 

The  violenco  dono  to  tho  plate  may  be  seen  more  clearly  by 
lonsidoring  tho  forco  requisito  to  punch  it.  It  has  been  found 
by  experiment  that  the  resistance  of  a  wrought- iron  plat*  to 
punching  is  about  the  same  as  its  resistance  to  tearing  by  a 
tensile  strain.  Taking  this  at  21  tons  per  square  inch,  ami 
regarding  the  resistance  to  the  punch  as  measured,  not  by  the 
area  of  the  hole,  but  by  tho  area  of  tho  metal  separated,  or  tho 
circumferonco  of  the  hole  multiplied  by  tho  thickness  of  the 
I  plate,  wo  have  i  X  ff  X  i  X  ^  =  force,  which  just  balances 
resistance  to  punching  a  hole  of  diameter  d  through  a  plato  of 
thickness  t.  Tho  resistance  increases  directly  as  the  thickness  of 
plate,  diamoter  of  hole,  and  strength  of  plate,  and  will  be 
affected  by  the  condition  of  the  punch  and  clearance  of  the 
die.  For  a  J -inch  hole  through  a  \-inch  plate  tho  f  i  ce  re- 
quired is  about  24 }  tons.  We  can  also  readily  find  the 
greatest  thickness  of  plato  wo  can  perforate  with  a  punch  of 
given  diameter,  or  tho  least  size  of  hole  wo  can  punch  in  a 
plate  of  given  thickness,  the  compressive  strength  of  the  punch 
boing  given.  Assuming  this  to  be  100  tons  per  square  inch, 
and  tho  maximum  resistanco  of  wrought  iron  at  25  tons,  wo 
have  the  resistance  of  tho  plato  =  2r  X  f  X  i  X  25,  and  the 
resistanco  of  tho  punch  to  crushing  —  r1  x  rr  x  100.  It  is 
evident  that  when  t  =  2  r,  or  diameter  of  hole,  the  two  resist- 
ances are  equal.  Wo  find,  therefore,  that  when  the  compressive 
strength  of  the  punch  is  just  over  four  times  as  great  as  tho 
tearing  strength  of  the  plate,  it  will  just  perforate  a  hole  of  a 
diameter  equal  to  the  thickness.  If  the  thickness  of  plate  be 
greater  than  the  diameter  of  hole  the  punch  must  be  stronger, 
or  the  plate  weaker,  than  we  have  assumed,  or  the  hole  cannot 
be  punched.  In  practice,  it  is  rarely  if  ever  attempted  to  punch 
a  hole  less  in  diameter  than  the  thickness  of  the  plate.  An 
inch  and  a  quarter  hole  through  an  inch  and  a  quarter  plate  is 
ivhat  a  good  machine  should  have  power  to  punch. 

The  holes  are  punched  slightly  larger  than  the  diameter  of 
the  rivet,  to  allow  its  easy  insertion  when  red  hot.  For  9-inch 
rivets  a  bare  -fa  inch  in  diameter  is  commonly  allowed.  This 
increase  of  diameter  should  obviously  increase  with  the  size  of 
rivet.  The  punch  should  be  formed  slightly  largest  in  diameter 
at  tho  face,  which  is  best  made  somewhat  concave,  rather  than 
flat  or  convex,  to  make  a  clean  cut.  The  hole  in  the  die  is 
ilways  made  somewhat  larger  than  the  punch,  to  lessen  the 
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friction  and  to  allow  the  wad  or  burr,  as  the  piece  of  iron  i* 
called,  to  be  forced  out  more  readily  than  if  the  die  were  an 
exact  fit.  The  less  the  clearance  between  the  punch  and  the 
die,  the  greater  the  distress  of  the  plate.  The  difference  in 
size  between  the  punch  and  the  die  is  the  cause  of  the  conical 
shape  of  the  punched  hole.  The  sizes  are  usually  in  the  ratio 
of  from  1  :  1*1  to  1  :  1*2.  By  increasing  the  size  of  the  die  suf- 
ficiently the  holes  can  be  made  countersunk  through  the  whole 
thickness  of  plate.  Advantage  is  sometimes  taken  of  this  in 
ship-building.  The  plates  are  put  together  so  that  the  small 
ends  of  the  holes  are  inside  (fig.  4).    The  rivet  is  formed  with 


a  taper  next  the  head  (fig.  4),  which  fills  the  conical  hole  in  one 
plate,  and  the  hole  in  the  other  plate  is  filled  by  hammering 
down  the  rivet.  By  this  means  the  holes  are  more  likely  to  bo 
completely  filled  up. 

It  is  usually  understood  that  boiler  plates  with  punched  holes 
are  always  arranged  with  the  holes  lying  together  as  in  fig.  5, 
and  an  importance  is  attached  to  this  arrangement  which  has, 
perhaps,  been  somewhat  overrated.  Where  the  steel  drift 
is  employed  (and  where  is  its  use  altogether  dispensed  with  ?)  it 
will  upset  the  edge  of  the  hole  between  the  plates,  and  separate 
the  contact  of  their  surfaces  to  a  greater  extent  than  when  the 
larger  ends  of  the  holes  are  brought  together,  and  thereby  impair 
the  efficiency  of  the  joint.  On  the  other  hand,  however,  ham- 
mering up  the  rivet  in  a  hole  with  the  small  ends  outside  tends 
to  wedge  the  plates  asunder.  Besides,  in  the  event  of  a  rivet- 
head  being  accidentally  knocked  off,  the  first-mentioned  arrange- 
ment of  the  holes  will  still  retain  the  rivet  in  its  place,  and 
hold  the  plates  together.  The  tension  due  to  the  contraction  oi 
the  rivet  in  cooling  is  by  this  arrangement  spread  over  the  whole 
length  of  the  hole,  and  is  not  concentrated  at  its  ends.  The 
heads  have,  therefore,  comparatively  little  to  do.    All  things 
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considered,  this  method  has  its  advantages,  which  appear  to 
justify  the  favour  in  which  it  is  held,  and  which  outweigh  any 
little  defects  incidental  to  its  employment.  When  repairs  are 
required,  tho  diflieulty  of  getting  the  rivets  out  is  about  equal 
in  any  arrangement,  if  the  holes  are  well  filled  and  the  work- 
manship is  good. 

It  is  of  the  greatest  importance  that  tho  corresponding  hole 
in  adjoining  plates  should  coincide,  and  not  partially  overlap 
each  other,  or  bo  half  blind,  as  it  is  called  (fig.  f»).  In  rough 
work  too  little  attention  is  paid  to 

this  matter,  and  even  where  great   

caro  is   used    in   marking   off   and  ) 
punching  or  drilling,  cases  of  holes         i   H  r  y 

not  coinciding  will  frequently  occur.  1  I 
!Not  only  do  theso  defects  add  to 
tho  diflieulty  of  making  the  joint 
tight  by  distorting  tho  rivet  and 
preventing  it  from  filling  the  hole 
properly,  but  it  also  leads  to  tho 
use  of  tho  drift,  which  in  the  hands 


of  careless  workmeu  is  often  hammered  into  tho  hole  in 
such  a  reckless  manner  as  to  causo  serious  injury  to  the 
plates.  With  tho  uso  of  tho  drift,  which  is  a  short  steel  spindle 
with  a  taper  end,  tho  holes  are  forced  and  contorted  into  an 
irregular  shape,  sufficiently  largo  to  admit  of  the  insertion  of 
tho  rivet,  which  passes  obliquely  through  the  plates.  It  will 
depend  upon  tho  degree  of  blindness  whether  the  hot  rirct  Call 
bo  hammered  up  to  fill  the  contorted  hole  or  not,  and  make  a 
tight  joint,  and  whether  its  oblique  position  seriou-ly  affects  its 
power  to  resist  the  strain  it  is  designed  to  bear.  When,  as  the 
result  of  bad  workmanship,  the  rivet  cannot  be  inserted  with- 
out recourse  to  some  means  for  straightening  the  holes,  it  is 
best  to  rimer  them  out  and  use  a  larger  rivet.  This  has  tho 
advantage  of  not  distressing  the  plate,  which  is  sometimes  sup- 
posed to  bo  sorely  enough  tried  in  the  hrst  place  by  the  punch- 
ing. This  method  is  sometimes  employed  throughout  the  rivet 
work,  tho  holes  being  all  punched  or  drilled  somewhat  less  than 
required,  and  afterwards  rimered  to  the  full  size.  Should  the 
plato  not  be  drawn  quite  close  together  before  the  rimer  u 
inserted,  the  particles  of  iron  are  liable  to  find  their  way  be- 
tween them  and  impair  the  tightness  of  the  joint.  This  plan 
destroys  the  conical  form  of  tho  punched  holes,  but  ensures  a 
better  job  than  the  ordinary  careless  methods  of  riveting. 
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Several  experiments  have  been  made  to  determine  the  relative 
value  of  drilled  and  punched  plates  in  riveted  work. 

Mr.  W.  II.  Maynard  arrived  at  the  following  results  with 
four  bars  cut  from  the  same  plate,  two  being  punched  and  two 
drilled,  with  1-inch  holes  having  the  same  sectional  area  at  the 
reduced  part — 1-J  square  inches. 


Breaking  weight  in  tons. 

Difference  in 
tons. 

Difference  per 
cent,  in  favour 
of  drilled. 

Experi- 
ment. 

Drilled  bar. 

Punched  bar. 

1st 
2nd 

811  . 
31 

26 
2(3 

17 

21 

Mean. 

26 

5 

19 

The  quality  of  the  plates  and  the  appearance  of  the  fracture 
are  not  given,  which  renders  these  experiments  of  little  value  for 
deducing  any  general  rule.  The  following  are  the  results  of 
some  experiments  by  the  same  authority  to  test  the  difference 
in  value  between  rivets  in  punched-  holes  and  similar  rivets  in 
drilled  holes  : — 

^-inch  rivets  in  drilled  holes. 
1st,  single  shear  =  26  tons  per  square  inch.    Double  shear  = 
39-2  tons. 

2nd,  single  shear  =  26  4  tons  per  square  inch.  Double 
shear, — Experiment  failed. 

^-iuch  rivets  in  punched  holes. 
1st,  single  shear  =  27 '2  tons  per  square  inch.    Double  shear  = 
45*6  tons. 

2nd,  single  shear  =  26  tons  per  square  inch.  Double  shear, — 
Experiment  failed. 

Mr.  Maynard  considers  the  above  as  conclusive  that  rivets  in 
drilled  holes,  subject  to  shearing  strain,  were  about  four  per 
cent,  weaker  than  rivets  in  punched  holes  under  similar  strain, 
and  thinks  the  sharp  edges  of  the  drilled  holes  have  a  greater 
tendency  to  nip  off  the  rivets  than  the  rounded  edges  of  the 
punched  holes.  This  conclusion  has  been  confirmed  by  more 
recent  experiments  in  America.  The  rivets  appeared  cut  off 
cleaner  by  the  drilled  plates  than  by  the  punched. 
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In  comparing  tho  strength  of  punched  and  drilled  work  toge- 
ther, Mr.  Maynard  concludes,  lht,  that  drilled  plates  aic 
stronger  than  punched  by  ID  per  cent.  ;  2nd,  that  rivets  are 
weaker  in  drilled  holes  than  in  punched  by  four  per  cent.;  3rd, 
that  tho  difference  is  in  favour  of  drilled  work  by  15  per  cent. 

The  above  conclusions  would  require  to  bo  modified  for  dif- 
ferent qualities  of  rivets,  plate*,  and  workmanship. 

Sir  W.  Fairbairn,  in  his  u  Useful  Information  for  Engineers, " 
.gives  a  detailed  account  of  some  experiment  made  on  tho 
strength  of  single  and  double  riveted  lap  and  butt  joints,  with 
punched  holes,  both  snap  and  countersunk  heads  being  used 
Tho  riveting  was  dono  both  by  hand  and  machinery,  and,  as  w<. 
should  expect,  tho  latter  proved  tho  more  effective.  The  joints 
with  countersunk  heads  were  found  to  bo  about  as  strong  as  tho 
others,  although  thero  must  have  been  a  diminution  of  strength 
corresponding  to  tho  amount  cut  out  by  tho  countersinking. 
Tho  double-riveted  lap  joint  was  found  to  have  a  strength  very 
slightly  inferior  to  that  correspond  in.,'  to  the  section  of  the  plate 
left  between  rivet  holes,  showing  tho  plates  had  not  suffered 
materially  by  the  punching.  The  single-riveted  lap  joint  showed 
an  averago  loss  of  strength  of  24  per  cent,  over  and  above  tho 
loss  duo  to  tho  reduction  of  section  at  tho  line  of  rivet  holes. 
In  this  case  tho  punching  may  have  had  a  more  injurious  effect 
on  the  plates,  tho  lino  of  holes  being  nearer  the  edge  than  tho 
line  which  bears  tho  brunt  of  tho  strain  in  the  double-riveted 
joint.  However,  tho  inferior  strength  must  be  mainly  ascribed 
to  tho  manner  in  which  the  tension  strains  the  joint,  and  draws 
it  athwart  the  lino  of  strain,  as  shown  in  fig.  7.    The  joint  will 


always  tend  to  assume  this  form  under  severe  tensional  strain  in 
consequence  of  the  force  tending  to  act  in  a  direct  Hue  through 
the  middle  of  the  plates.  The  joint  here  manifestly  acts  at  a 
disadvantage,  the  strain  being  unequally  distributed  among  tho 
fibres  of  tho  plate,  those  of  the  inside  of  the  joint  at  the  centre 
of  the  rivet  bearing  more  than  the  rest-    The  thicker  the  plato, 


Fig.  7. 
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the  greater  will  be  the  unequal  distribution  of  the  stress,  tho 
leverage  varying  as  tho  thickness  of  tho  plate.  The  same  action 
occurs  in  a  double-riveted  lap  joint,  but  in  a  much  les3  degree, 
as  the  force  acts  with  less  angularity,  and  consequently  more 
uniformly  over  the  fibres  of  the  iron. 

The  butt  joint  with  single  strip  behaves  in  a  somewhat  similar 
manner,  acting  like  two  laps  placed  together  (fig.  8).     In  the 


Fig.  8. 


longitudinal  seams  of  an  ordinary  cylindrical  boiler,  this  pro- 
perty of  the  lap  makes  itself  felt  very  often,  and  results  in 
grooving.  In  the  transverse  seams  the  curved  form  of  tho 
plates  renders  this  distortion  by  the  force  of  the  steam  pressure 
alone  well-nigh  impossible,  but  is  not  proof  against  the  irresist- 
ible molecular  forces,  whose  effects  are  shown  in  the  expansion 
and  contraction  of  the  plates,  and  which  cause  the  transverse 
grooving  in  locomotive  boilers  when  they  are  secured  firmly  at 
both  ends  to  the  frame  ;  and  in  stationary  boilers,  where  the 
bottom  is  cooler  than  the  internal  tubes  and  upper  portion  of 
the  shell. 

When  single-butt  strips  are  used  for  the  longitudinal  seams, 
they  should  never  be  applied  internally,  on  account  of  the  ten- 
dency of  the  joint  to  open  under  pressure,  as  shown  in  the  lasj 
figure.  When  the  strip  is  placed  on  the  outside,  the  action  of 
the  steam  pressure  assists  in  preventing  the  distortion  of  tho 
joints. 

The  loss  due  to  the  unequal  distribution  of  the  tension  in 
single-iiveted  joints  with  plates  of  ordinary  thickness, | -inch  to 
T7^-inch,  may  be  taken  at  not  less  than  20  per  cent,  of  the  ten- 
sile strength  of  the  material  left  between  holes.  This  would 
leave  four  per  cent,  loss  of  strength  in  the  single-riveted  lap 
joints,  tested  by  Fairbairn,  due  to  deterioration  by  punching, 
and  to  the  rivets  not  filling  the  holes  so  as  to  bear  evenly  on 
the  plate,  and  take  each  an  equal  share  of  the  strain.  What  the 
loss  of  strength  from  unequal  distribution  of  strain  may  be  in 
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strips  of  very  thick  plates,  £-inch  and  above,  can  only  bo  de- 
termined by  actual  tost ;  it  will  probably  amount  to  from  50  to 
70  par  cent.  That  tho  weakness  of  the  single-riveted  Lip  joint 
was  owing  to  the  oblique  action  or  unequal  distribution  of  the 
Btrain  appears  to  bo  proved  by  Fairbairn's  experiments,  where 
singlo  rivoting  and  butt  joint  with  double  strips  were  tried.  The 
strength  of  this  was  found  to  be  about  equal  per  square  inch  of 
section  to  that  of  a  double-riveted  lap  joint,  or  nearly  that  duo 
to  tho  unimpaired  section  between  the  holes. 

From  somo  experiments  ina<lo  by  Mr.  JJrunel  with  double- 
Qshed  butt  joints  and  best  Staffordshire  4  \  lates,  having 
ktrips  3-inch  thick,  with  double  and  triple  chain  and  zigzag 
riveting,  the  following  results  were  arrived  at: — The  sectional 
irea  of  the  rivets  and  plates  should  bo  equal  :  triple  riveting  is 
superior  to  double-chain  riveting  in  proportion  to  the  sectional 
iirea  of  plates  retained  ;  and  the  strength  of  the  plates  is  unim- 
paired by  tho  punching,  20  tuns  per  square  inch  being  tho 
jreaking  weight  alike  of  tho  solid  plate  and  the  seotion  left  be- 
tween tho  holes. 

Iu  14  Useful  Information  for  Engineers,"  the  strength  of  tho 
oints  compared  with  that  of  tho  entire  plate  is  given  as 
bllows  : — 

Strength  of  plate  =  100 

Strength  of  double  riveting  =  98 
Strength  of  single  riveting   ==    7  b 

Tho  loss  of  strength  hero  given  is  due  to  the  treatment  tho 
ron  has  received,  and  to  tho  form  of  joint,  and  is  quite  irrespec- 
tive- of  tho  diminished  section  at  tho  line  of  rivets.  A  further 
-eduction  must  bo  made,  corresponding  to  tho  amount  of  sec- 
ion  removed  in  making  the  holes.  This  varies  considerably  for 
single  riveting,  but  30  per  cent,  may  bo  taken  as  an  average 
illowance  for  double  riveting.  Fairbairn  takes  30  per  cent,  also 
or  single  riveting,  and  gives,  accordingly,  tho  actual  strength  of 
;ho  plate  and  the  two  descriptions  of  joints  as  100,  08,  and  40. 
thirty  per  cent,  is,  however,  too  small  an  allowance  for  single 
iveting,  and  does  not  agree  with  either  the  common  practice  or 
me  table  for  the  pitch  of  rivets  given  in  the  volume  in  question. 
This  latter  gives  for  f-inch  rivets  and  f"  plates  lf-inch  pitch, 
corresponding  to  a  loss  of  43  per  cent.  ;  a  loss  of  only  30  per 
sent,  would  require  2  J-iuch  pitch,  which  is  now  only  very  rarely 
employed  for  even  very  low  pressure  boilers.  Many  engineers 
lo  not  avail  themselves  of  the  advantage  offered  by  double 
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riveting  for  maintaining  a  large  section  of  plate,  but  use  the 
same  pitch  as  for  single  riveting,  the  rivets  being  arranged  in 
the  form  of  an  equilateral  triangle,  which  in  many  cases  causes 
the  removal  of  40  per  cent,  of  section  instead  of  30. 

Taking  the  average  loss  of  material  in  ordinary  boiler  single 
riveting  at  40  per  cent.,  and  the  total  loss  of  strength  in  the 
joint  as  54  per  cent.,  as  above  found,  we  should  have  therefore 
14  per  cent,  as  the  amount  considered  sufficient  for  the  injury 
caused  by  punching  and  the  bad  form  of  joint.  This  is  too 
little,  and  should  in  no  case  be  taken  at  less  than  20  per  cent., 
even  when  the  plate  suffers  no  injury  by  punching,  riveting, 
&c.  But  taking  the  loss  at  24  per  cent.,  according  to  Fair- 
bairn,  the  figures  should  stand  as  follows  :  100,  68,  and  36, 
instead  of  100,  68,  and  46. 

These  will  give  correctly  the  comparative  strengths  when 
the  plates  and  riveted  joints  are  broken  in  strips  a  few  inches 
wide,  as  in  the  experiments  quoted.  But  in  a  boiler  very 
different  conditions  of  resistance  are  found.  Suppose  a  boiler 
shell  to  be  made  of  circular  belts  of  plate  overlapping  trans- 
versely, but  without  longitudinal  joints  or  other  source  of 
weakness,  it  would  then  be  in  a  condition  to  resist  a  much 
greater  tension  than  the  normal  breaking  weight  of  the  mate- 
rial,  in  consequence  of  the  support  lent  by  the  double  thickness 
at  the  ring  seams.  That  additional  resistance  is  given  to  the 
plates  by  the  transverse  joints  in  a  properly  made  cylindrical 
boiler,  is  evidenced  by  the  manner  in  which  many  shells 
at  work  hold  together  when  the  whole  section  of  a  plate  is  cut 
away  for  a  3-foot  dome  hole  except  a  strip  at  each  end,  and 
barely  sufficient  for  the  dome  angle-iron  attachment  and  ring 
seams.  In  such  a  case,  and  others  of  a  similar  nature,  the 
holding  together  of  the  plate  is  mainly  dependent  upon  the  strength 
imparted  by  the  ling'  seams.  When  the  longitudinal  seams  break 
joint  effectually,  the  ring  seams  also  strongly  resist  the  buckling 
action  of  the  plates  under  strain,  which  we  have  seen,  at  page  69, 
to  be  such  an  element  of  weakness  in  single  riveting.  It  is  obvious 
this  resistance  must  depend  greatly  upon  the  width  of  plates,  and 
increases  as  the  distance  between  the  ring  seams  is  diminished. 
Moreover,  the  circumstance  alone  of  the  longitudinal  seam& 
breaking  joint,  analogous  to  the  bond  in  masonry,  has  an  im- 
portant influence  in  strengthening  the  shell.  It  is  more  that* 
probable  therefore  that  in  a  boiler  where  the  longitudinal  seams 
break  joint  effectually  and  are  double  riveted,  the  strength  of  the 
shell  is  even  greater  than  that  measured  by  the  unimpaired 
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section  loft  between  the  rivet  holes.  Tho  resistance  of  this 
section  may  therefore  bo  taken  as  tho  breaking  strength  of  tho 
boiler,  or  as  a  rule,  30  per  cent,  less  than  tho  entire  strength  of 
tho  plate  for  double  riveting. 

In  a  similar  boiler  single  riveted,  wo  may  safely  neglect  the 
loss  of  strength  duo  to  tho  buckling  actiou  of  the  plates  under 
steam,  and  regard  the  shell  as  being  stronger  than  a  detached 
narrow  test  strip  of  the  jointed  plates  by  an  amount  equal  to 
20  per  cent,  of  the  strength  of  the  entire  plate. 

Taking  tho  loss  of  material  for  single  riveting  at  44  per  cent., 
the  relative  values  will  stand  : 

Entire  plate  .  .  .  .100 
Double-riveted  joint  .  7<> 
Single       ,,      ,,  .        .  50 

These  proportions  of  strength  are  usually  omployed,  and  were 
originally  deduced  by  Sir  W.  Fairbairn  from  his  experiments. 
But  in  shells  where  the  longitudinal  seams  run  in  a  continuous 
line  from  end  to  end,  we  cannot  count  upon  any  gain  of  strength 
from  the  trans  verso  joints.  There  is,  however,  probably  a 
slight  gain  of  strength  in  tho  long  string  of  rivets  as  compared 
with  a  narrow  test  specimen,  and  such  a  shell  single  riveted 
may  be  regarded  as  having  40  per  cent,  of  tho  strength  of  the 
plate. 

Taking  21  tons  per  square  inch  as  our  standard  strength  for 
plates  along  the  fibre,  the  above  proportions  become  14}  tons, 
and  11 J  tons  per  square  inch  respectively,  as  the  breaking 
strength  of  double  and  single  riveted  boilers  having  the  longi- 
tudinal seams  breaking  joint  in  the  proper  sense  of  the  term, 
and  not  by  the  amount  of  a  rivet  or  two  apart  as  in  fig.  9.  Tho 
table  of  strengths  of  wrought  iron  cylindrical  boilers  is  calculated 
from  the  above  figures.  The  strength  of  the  plates  across  tho 
fibre  should  be  taken  at  from  10  to  15  per  cent,  less  than 
the  above.  When  the  margin  of  safety  is  required  to  be  small 
aud  plates  are  used  of  an  ascertained  strength  of  25  tons  per 
square  inch,  the  strength  can  readily  be  found  by  adding  20  per 
cent,  to  that  in  the  table. 

In  some  experiments  conducted  at  Woolwich  in  1835  on 
different  kinds  of  joints,  the  following  results  were  obtained  :  for 
■j^",  tV>  an(^  "i""  phites,  the  breaking  strengths  were  respectively 
about  16,  17,  and  18  tons  for  single  riveted  lap  joints,  and  for 
double  riveted  about  24,   24  and  22  tons  actual  breaking 
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weight  and  not  per  square  inch,  showing  that  the  thinnest  plats 
was  actually  stronger  at  the  joint  than  the  thicker  plates.  Thel 
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inferior  strength  of  J"  and  ^"plates  was  probably  due  to  the 
more  oblique  action  of  the  strain  on  the  joint.    But  for  want  of 
detailed  information,  the  results  recorded  cannot  be  considered 
as  suitable  for  deducing  any  general  rule  for  the  strength  of 
plates  of  different  thicknesses.     Many  have  erroneously  con- 
eluded  from  the  results  of  these  experiments  that  a  finch 
plate  boiler  is  as  strong  as  a  boiler  made  of  1-inch  plates  In 
the  first  place,  there  would  be  found  a  great  difference  in  the 
strength  of  a  J"-plate  as  a  test  strip  and  as  built  up  in  a  boiler 
for  reasons  already  stated,  the  workmanship  being  equal  in  both 
cases.   This  difference  would  not  be  so  great  with  a  £"~pkte  In 
the  second  place,  the  plate  is  by  no  means  most  likely  to  fail 
first  through  the  line  of  rivet  holes  when  in  use.  Company 
f  plates  with  J  '  plates,  and  assuming  the  boiler  to  be  unfit  for 
working  at  the  original  pressure  when  reduced  to  J"  thick  the 
latter  plates  will  last  twice  as  long  as  the  former. 
^  In  seeking  to  determine  the  correct  diameter  and  pitch  of 
rivets,  and  also  the  proper  amount  of  lap  for  different  thick- 
nesses of  plate,  there  are  several  conflicting  circumstances  to 
consider.   In  the  first  place,  having  due  regard  for  the  economy 
of  material  it  is  important  in  fixing  upon  the  diameter  and  pitch 
of  rivets  for  a  given  thickness  of  plate,  that  the  plates  and 
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rivets  Bhould  bo  of  equal  strength,  for  in  making  the  rivets  to  fail 
before  tho  plates,  we  should  be  wasting  the  excess  of  material 
to  which  is  duo  tho  additional  strength  of  the  plate  or  be 
making  the  joint  too  we  ak.  On  the  other  hand,  to  make  the 
rivets  the  stronger,  would  bo  to  make  the  joint  too  weak  by 
reducing  tho  strength  of  the  plate  too  much,  or  to  waste  the 
material  in  making  the  rivets  too  strong. 

In  tho  second  place,  tho  joint  must  be  tight  as  well  as  cor- 
rectly proportioned  for  strength.  It  will  be  Eeen  that  the 
attainment  of  tho  greatest  strength  with  the  least  material  is 
restricted  by  tho  necessity  for  tightness,  and  also  by  other 
minor  but  important  circumstances. 

First  of  all  it  must  be  ascertained  in  which  manner  tho  weak- 
ness of  tho  joint  may  he  declared.  Here  we  find  that  the  joint 
may  fail  in  four  or  live  different  ways,  namely  : 

1st.  By  the  plate  in  front  of  the  rivet  crushing  (fig.  10). 

2nd.  By  the  rivet  shearing. 

3rd.  By  the  plate  tearing  between  the  rivet  holes, 


Fi-.  10.  Rg.  11. 


4th.  By  the  plate  outside  the  hole  breaking  through  (fig.  11). 
5th.  By  tho  plate  being  forced  out  in  front  of  the  rivet 
(fig.  12). 

1st.  The  resistance  of  the  plate  round  the  semi-circumferenco 
of  the  rivet  can  be  proved  to  be  measured  by  the  diameter 
of  the  rivet  x  the  thickness  of  plate  x  crushing  strength  of 
plate.  From  the  results  of  some  experiment  on  the  crushing 
strength  of  the  bearing  surface  of  iron  links  against  the  pins, 
undertaken  by  Sir  C,  Fox,  it  may  be  concluded  that  the 
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resistance  of  the  plate  against  a  rivet  is  equal  to  40  tons 
per  square  inch,  whence  we  have  : 

resistance  of  plate  to  crushing  =  d  x  t  x  40  (1.) 


d  =  diameter  of  rivet,  t  =  thickness  of  plate. 

2nd.  The  ultimate  strength  of  the  rivet  to  resist  shearing 
has  already  been  discussed,  and  may  be  taken  at  21  tons  per 
square  inch,  therefore 

resistance  to  single  shearing  =  *7854  X  d2  x  21.  (2.) 

Comparing  Nos.  1  and  2,  when  the  resistance  of  the  rivet  and 
plate  are  equal,  we  have 

d  x  t  x  40  =  -7854  x  d2  x  21 
d  =  2-4  t, 


whence  the  diameter  of  the  rivet  should 
be  nearly  2-|  times  the  thickness  of 
the  plate.  The  common  rule  of  mak- 
ing the  diameter  of  the  rivet  double 
the  thickness  of  plate  up  to  T7^  thick 
is  approximately  correct,  and  allows 
a  margin  of  strength  for  injury  done 
to  the  plate  in  punching  and  drifting. 

3rd.  The  strength  of  the  plate 
between  the  rivet  holes  in  boiler  work, 
it  has  already  been  shown  may  be 
taken  at  21  tons  per  square  inch, 
whence 

resistance  of  plate  to  tearing  =.  t  c?)  21.  (3.) 

where  p  =  pitch  of  rivets  ; 

comparing  this  with  JSTo.  2,  we  get  for  the  equality  of  strength 
Cn  rivets  and  plates  between  holes, 

•7854  d2  x  21  =  *  (p  —  d)  21. 


Fig.  12. 


from  which  equation  we  can  find  the  pitch,  when  the  diameter 
of  rivets  and  thickness  of  plate  are  given.  Substituting  a  =  area 
of  rivet  for  '7854  d2  we  have  for  a  single  riveted  lap  joint  and 
single  fished  butt  joint, 
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+  4  (!) 

For  Lip  joints  and  single  fisliol  joints  with  double  rive  ting, 
wo  have  tho  sectional  area  of  two  rivets  inste  i  I  of  one,  as  in 
the  last  case, 

hence,  2  a  —  t  (j> —  d) 

and      =  —  +  d.  (.>.) 
t 

In  a  butt  joint  double  lislio  I  and  single  riveted,  where  the 
rivets  require  to  bo  sheared  in  two  places  b.foie  yielding  we  get 

2  a  =  t  (p  —  d),  or  the  same  as  in  the  last  case, 

and  p  =  —  +  d.  (5. ) 

t 

In  a  double  fished  butt  joint  with  doable  riveting  the  equa- 
tion becomes 

ia=zt  (p  —  d) 
P=\a  +  d.  (0.) 

t 

In  tho  above  formula*,  d  should  rather  be  taken  as  the 
mean  si?o  of  tho  hole  than  as  the  size  of  rivet,  or  as  a  rule 
BL  inch  larger  than  tho  rivets  up  to  J  inch  diameter. 

When  tho  diameter  of  rivet  is  double  the  thickness  of 
plate,  the  pitch  becomes  equal  to  2*57  d,  4*14  d,  and  7 '28  d 
respectively  for  formulae  (4),  (5),  and  (G). 

In  thick  plates  having  rivets  less  in  diameter  than  twice  tho 
thickness  of  plate,  the  pitch  will  be  less  in  proportion.  Taking 
r  as  the  ratio  of  diameter  to  thickness,  the  above  quantities 

T 

must  be  multiplied  by      for  the  pitch. 

4.  We  may  regard  the  distance  between  the  hole  and  edge 
of  the  plate  as  the  depth  /t,  of  a  girder  fixed  at  both  ends,  and 
uniformly  loaded,  the  span  being  measured  by  the  diameter  of 
rivet,  hence 

t  x  h* 

the  strength  to  resist  fracture  =  — j       *  C. 
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C  is  a  coefficient,  the  value  of  which  has  not  yet  been 
determined.  Since  the  nature  of  both  the  strain  and  the  re- 
sistance differs  greatly  from  that  of  ordinary  girders,  it  is  evi- 
dent that  we  cannot  consider  the  ordinary  coefficient  as  even 
approximate.  But  as  the  coefficient  is  not  likely  to  be  less 
than  the  above,  we  may  use  it  for  the  purpose  of  illustration 
We  then  have, 

t  x  It? 

transverse  strength  of  plate  —  48. 

d 

Comparing  this  with  No.  2,  we  have, 

t  x  lv 

•7854  x  d2  x  21  =  — —  x  48, 
when  d  =  2t  we  get  h  =  d  x  '81. 

Assuming  this  to  be  approximately  correct,  it  follows  that  the 
ordinary  practice  of  making  the  distance  between  the  hole  and 
edge  of  plate  equal  to  diameter  of  rivet  gives  sufficient  strength 
to  prevent  the  plate  from  breaking  by  a  transverse  strain.  The 
greater  the  ratio  of  diameter  to  thickness,  the  less  will  be  the 
proportion  of  lap  required  for  adequate  strength. 

5.  The  resistance  of  the  plate  to  being  forced  out  in  front  of 
the  rivet  will  be  equal  to  the  shearing  strength  of  the  plate 
multiplied  by  the  area  sheared,  and  may  be  expressed  by 

2  (T)  x  t  x  21, 

when  the  distance  between  the  hole  and  edge  of  plate  =  d. 

On  comparison,  the  resistance  of  the  joint  to  yield  in  this 
manner  will  be  found  much  greater  than  the  resistance  to  any  of 
the  other  modes  of  fracture  we  have  considered,  consequently 
such  a  fracture  as  shown  in  fig.  12,  is  seldom,  if  ever,  met  with. 

The  fractures  most  frequently  found  in  boiler  work  are  those 
from  the  hole  to  edge  of  plate.  They  are  in  most  cases  the 
result  of  careless  workmanship  and  brittleness  of  plates,  except 
when  they  occur  in  the  seams  over  the  fire,  when  they  are 
mainly  produced  by  the  contraction  strain  acting  at  right 
angles,  and  by  the  girder  strain  thrown  on  the  plate  between 
the  hole  and  edge  by  the  permanent  contraction  due  to  the 
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alternate  heating  and  cooling.  A  large  lap  is  more  liable  to 
fracture  in  this  manner  than  a  small  one,  and  a  t hick  plate 
than  a  thin  one,  in  positions  where  sudden  variations  of  tempe- 
rature occur.  In  a  line  of  riveted  work  a  few  holes  may 
becomo  fractured,  or  a  few  rivets  crushed,  by  having  to  bear  an 
undue  amount  of  the  strain,  which  is  unequally  distributed 
along  tho  whole  line  of  rivets  in  consequence  of  careless  work- 
manship. 

Whon  the  plate  once  yields  by  fracturing  or  crushing,  it  is 
evident  that  the  strain  will  no  longer  be  at  all  equally  distri- 
buted along  the  length  of  plate  between  rivet  holes,  but 
becomes  concentrated  upon  the  fibres  of  the  plate  at  each  side 
of  the  rivet.  The  plate  may  then  be  torn  in  two  by  a  force 
much  below  its  breaking  weight  with  the  strain  equally  dis- 
tributed. 

The  principles  embodied  in  the  above  rides,  based  on  deduc- 
tions correctly  made  from  experiments,  must  be  accepted  with 
some  caution.  In  most  of  the  experiments  tho  plates  were 
thin,  of  very  good  iron,  and  probably  had  not  Buffered  much  by 
rough  treatment,  which  is,  however,  not  the  fate  of  the  majority 
of  boiler  plates.  Many  a  new  boiler  is  set  to  work  with  the 
rivet  holes  fractured  to  edge  of  plate,  or  from  hole  to  hole,  by 
punching  and  drifting.  Moreover,  it  is  the  practice  to  use  a 
better  quality  of  iron  for  the  rivet  than  for  the  plate  in  tho 
great  majority  of  boilers.  This  lessens  the  chance  of  injury  by 
(hammering  ami  heating,  besides  giving  a  greater  tensile  and 
shearing  strength. 

It  may  be  taken  as  a  rule  that,  in  any  but  the  best  class  of 
j  boiler  work,  tho  rivet  is  stronger  than  tho  plate  section  for 
section  in  new  boilers.  In  old  boilers  the  plates  at  the  joints 
are  generally  found  to  be  much  more  brittle  than  the  rivets, 
and  the  rivets,  except  at  the  heads,  will  escape  corrosion  where 
the  plate  may  sutler  severely.  These  considerations  indicate 
that  a  larger  pitch  than  the  one  assigned  by  the  rule  given 
should  be  used.  It  must  also  not  be  forgotten  that  the  hole  is 
larger  than  the  enclosed  rivet,  the  diameter  of  which  is  usually 
taken  in  estimating  the  pitch.  It  may  here  be  also  remarked 
that  in  increasing  the  diameter  of  rivet,  the  pitch  must  bo 
increased  in  a  greater  proportion,  in  order  to  keep  the  section 
of  rivet  and  plate  equal,  for  the  shearing  strength  of  a  rivet 
varies  as  its  sectional  area,  and  therefore  as  the  square  of  the 
diameter,  whilst  the  section  of  the  plate  removed  varies  simply 
as  the  diameter.    It  follows  from  this  that,  the  larger  we  make 
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the  rivets,  the  better  are  we  able  to  retain  the  gross  sectional 
area  of  our  plates. 

The  advantage  to  be  gained  by  increasing  the  diameter  of 
rivet  is  limited  by  the  expediency  of  not  exceeding  the  crushing 
strength  of  the  plate  in  front  of  the  rivet,  .which  varies  simply 
as  the  diameter  of  the  rivet.  It  has  already  been  shown  that 
the  plate  will  fail  by  crushing  before  the  rivet  shears  when  the 
diameter  is  2 J  times  the  thickness  of  plate.  It  may  also  be 
observed,  that  by  increasing  the  pitch  we  rapidly  diminish  the 
breaking  strength  of  the  plate  between  holes,  as  the  increased 
width  allows  the  plate  to  stretch  more,  and  concentrates  the 
strain  on  the  fibres  at  each  side  of  the  hole.  This  fact  applies 
most  strongly  to  the  case  of  double-fished  butt  joints,  where  the 
large  pitch  is  necessary  to  bring  the  strength  of  the  plate  up  to 
that  of  the  rivets  which  are  in  double  shear.  It  also  probably 
accounts  for  the  diminished  strength  found  in  experiments  with 
riveted  joints,  where  large  rivets  have  been  used  with  a  very 
large  pitch  to  ascertain  the  crushing  strength  of  the  plates. 
Such  tests  cannot  be  taken  as  a  guide  for  the  strength  of  joints 
in  ordinary  boiler  work. 

There  are,  however,  other  considerations  besides  the  economy 
of  material  that  should  govern  the  proper  pitch  of  rivets.  A 
tight  joint  is  of  the  first  importance,  for  should  leakage  occur 
corrosion  may  soon  alter  any  carefully  calculated  proportions  of 
the  respective  sections  in  the  joint.  Indeed,  it  may  be  affirmed 
that  in  the  majority  of  cases  the  safety  of  a  boiler  depends,  in 
the  long  run,  more  upon  the  tightness  than  the  actual  strength 
of  the  joints,  since  a  large  factor  of  safety  is  usually  allowed. 

No  one  set  of  rules  can  be  laid  down  for  the  pitch  of  rivets 
which  shall  be  the  best  under  all  circumstances  of  pressure, 
quality  of  material,  liability  to  corrosion,  &c.  The  following 
table  gives  a  result  which  agrees  pretty  closely  with  the  average 
practice  for  single  riveting  in  high  pressure  boilers  (up  to 
160  lbs)  if  we  take  the  proportions  of  diameter  of  rivet  and 
thickness  of  plate  that  are  given.  The  diameter  of  rivet  is  taken 
as  the  average  diameter  of  the  hole,  and  not  the  nett  size  of  the 
rivet  shank. 
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Single-rivctcd  lap  jui)ils. 


Thickness 
of  plutu. 


Diameter 
of  rivet. 


I 
I 

I 
1 

v 
i" 
il 
J I 


n 

il 

O" 

11 
1| 


oi 
21 


PsrfXS'ff. 


2J 


In  the  above  table  it  will  bo  seen  that  with  thin  plates  the 
diameter  of  rivet  is  double  the  thickness  of  plate,  an<l  this  ratio 
diminishes  as  tho  plates  increase  in  thickness  until  with  1-inch 
plates  the  diameter  and  thickness  are  nearly  equal.  One  reason 
for  this  is  that  the  difficulty  of  making  a  good  joint  increases 
with  tho  diameter  of  rivet  where  the  point  is  not  closed  by  an 
efficient  machine.  With  1-inch  and  1  I, -inch  rivets  heavy 
hammers  are  required  to  upset  the  iron  and  close  the  hole 
properly.  This  at  once  increased  the  difficulty  of  "  holding  up" 
and  of  making  a  good  job.  The  difficulty  of  setting  by  drawing 
or  hammering  tho  plates  quite  close  together  to  make  a  tight 
joint  also  increases  rapidly  in  plates  over  f-inch  thick,  and 
altogether  the  quality  of  tho  work  is  not  so  reliable  when  very 
thick  plates  are  used.  Another  reason  for  diminishing  the  ratio 
which  the  diameter  of  rivet  bears  to  the  thickness  of  plate  is  that 
with  a  constant  ratio  wo  soon  reach  too  large  a  pitch  to  admit  of 
keeping  a  tight  joint,  if  we  wish  to  retain  anything  like  equality 
between  section  of  plate  and  rivet. 

With  1-inch  plates,  in  order  to  retain  GO  per  cent,  of  the 
section  of  the  plate  whilst  making  the  plates  and  rivets  at  the 
joint  equal  in  strength  wo  should  require  2-inch  rivets  at 
5^  inches  pitch. 

Such  a  rivet  is  considered  too  large  for  closing  up  properly, 
unless  with  the  aid  of  a  very  powerful  machine,  and  5^  centres 
are  too  wide  to  keep  tight  at  even  moderate  pressures  with 
ordinary  workmanship.  .Rivets  of  more  than  1^  inch  diametet 
are  seldom  if  ever  employed  in  boiler  work. 

if 
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The  third  column  in  the  table  gives  the  pitch  required  for 
equal  section  of  rivets  and  plate  between  holes.  The  fourth 
column  gives  the  pitch  required  in  order  to  retain  60  per  cent, 
of  plate  at  the  joint.  On  comparing  these  two  columns  it  will 
be  seen  that  in  plates  from  \  inch  to  \^  inch  thick  there  is  no 
great  difference  between  the  two  pitches.  With  the  thicker 
plates  the  difference  is  important.  The  pitch  for  1-inch  plate3 
in  column  3  only  retains  53  per  cent,  of  the  plate  section,  but  if 
we  employed  column  4  the  wide  pitch  would  leave  the  rivets 
with  only  36  per  cent,  of  the  strength  of  the  entire  plate,  or 
about  60  per  cent,  of  the  plate  between  holes.  Column  3  would 
therefore  give  a  stronger  joint  than  the  other. 

The  average  size  of  the  punched  hole  in  the  plate  being 
usually  somewhat  larger  than  the  size  assigned  to  it,  and  the  risk 
of  injury  from  punching  being  greater  in  thick  than  in  thin 
plates,  and  also  to  allow  for  corrosion  or  waste  at  the  lap, 
column  5  is  given  to  work  to,  giving  the  section  of  the  plate 
slightly  in  excess  of  that  in  column  3,  and  retaining  about  60 
per  cent,  of  the  section  in  plates  from  \  inch  to  \^  inch  thick  ; 
55  per  cent,  for  plates  from  f-inch  to  |-  inch  ;  and  58  percent, 
for  i|-inch  and  1-inch  plates. 

Where  the  workmanship  is  not  reliable  it  will  be  advisable  to 
reduce  the  pitch  slightly,  or  to  increase  the  diameter  of  rivet  in 
plates  under  f  inch  thick. 

The  lap  for  single  riveting  should  be  equal  to  3  times  the 
diameter  of  rivet,  and  never  more  than  3*3  times  the  diameter. 


Double-riveted  lap  joints  and  butt  joints  with  single  strips 


Thickness  Diameter 
of  plate.      j     of  rivet. 


F=S'Sd. 


Pitch  to  be 
used. 
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The  pitch  givon  is  along  one  lino  of  rivets.  The  strips  should 
be  slightly  thicker  than  the  plate,  inch  for  moderately  thick 
plates,  and  £  inch  for  very  thick  plates.  Column  4  gives  tho 
pitch,  along  one  lino  of  rivets,  required  to  retain  70  per  cent,  of 
plate  between  holes.  With  1-inch  plates  this  would  make  tho 
Btrength  of  tho  rivets  only  about  5o  per  cent,  of  that  of  tho 
pierced  plate.  In  order  to  obtain  equal  strength  in  plate  and 
rivet  at  tho  joint  wo  should  require  for  1-inch  plates  1  j|-inch 
rivets  at  Ojinch  pitch.  Tho  difficulty  is  therefore  obvious  of 
obtaining  a  well-proportioned  joint  when  using  thick  plates, 
with  either  single  or  double-riveted  lap  joints,  at  the  same  time 
retaining  a  good  section  of  plate,  and  ensuring  tightness.  In 
using  thick  plates  tho  best  course  to  follow  in  arranging  tho 
joint  is  to  fix  upon  tho  widest  pitch  consistent  with  tightness, 
employing  tho  largest  rivets  admissible,  and  then  determine  tho 
Btrength  of  tho  shell  from  tho  section  of  rivets  or  plate  left 
between  holes,  whichever  may  bo  the  weaker.  In  plates  up  to 
TQg-  thick  it  is  evident  that  70  per  cent,  of  section  can  be  main- 
tained with  a  well-proportioned  joint  and  moderate  pitch.  For 
plates  under  J  inch  thero  is  an  excess  of  strength  in  the  rivets 
when  using  tho  pitch  given.  The  diameter  of  rivets  might 
therefore  with  advantage  be  slightly  reduced,  to  make  a  tighter 
joint,  for  high  pressures.  When  tho  boiler  is  double  riveted 
throughout,  £-inch  rivets  for  §-inch  and  J^-inch  plates,  with 

inch  pitch,  might  bo  used.  It  is,  however,  inexpedient  to 
have  different  sized  holes  for  single  and  double  riveting  in  tho 
same  plate  or  boiler  ;  and  as  it  frequently  happens  that  tho 
longitudinal  seams  of  a  boiler  are  double  riveted,  whilst  tho 
transverse  seams  are  only  single  riveted,  tho  same  sized  rivets 
have  been  used  in  making  the  above  tables. 

Tho  greatest  difficulty  in  making  a  well-proportioned  joint 
with  the  same  sized  rivets  occurs  when  butt  joints  with  doublo 
Btrips  and  lap  joints  come  together  in  the  s.ime  plate.  In  such 
a  case  we  must  either  sacrifice  the  advantage  of  having  the  same 
sized  hole  throughout  the  plate,  or  have  a  badly  proportioned 
joint  in  one  seam  or  the  other.  On  this  account,  when  double- 
fished  butt  joints  are  used  in  the  same  plate  with  lap  joints, 
the  former  may  be  made  singlo  and  the  latter  double  riveted ; 
in  which  case  the  same  pitch  and  diameter  of  rivet  might  be 
judiciously  employed,  were  it  not  for  the  difficulty  of  keep- 
ing a  tight  joint  in  the  butt  arrangement,  which  necessitates 
the  reduction  of  the  pitch,  unless  the  workmanship  is  very 
good. 
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The  double-riveted  lap  should  be  equal  to  5  times  the 
diameter  of  rivet,  each  line  of  rivets  being  |d  from  the  edge  of 
plate. 


Double-riveted  butt  joints  with  double  strips. 


Thickness 
of  plate. 

Diameter 
of  rivet. 

Thicknes  s 
of  strip. 

Pitch  to 
be  used. 

3  » 
8 

1 

2 
9 

1  6 

b 

8 
1  1 

llT 
3 
4 

15. 
1  6 

7 

8 

l  5 

i  cT 
1" 

r 

i 

i 

ii 

10 

3 

4 

3 

4 

7 

8 

7 

8 
1" 
1" 
11 

i" 

1 

s 

T6 

fi 

T3" 

3 
8 
3 
8 
7 
T6 
7 

T6 

4 

} 

2 
9 
T6 

3?" 

3* 

3" 

si- 
si 

3| 
4" 
33 
4| 

*8 
41 
^8 

2" 
2" 
2" 
2i 

H 
H 

01 
*8 

2| 
31 
3| 

93 
^4 

21 

2| 

3" 
33 

H 

34 
3| 
8| 
4" 

In  double-riveted  butt  joints  with  double  covering  strips,  it 
will  be  seen  from  the  annexed  table,  on  comparing  columns 
4,  5,  and  6,  that  we  cannot  avail  ourselves  of  the  full  strength  of 
the  double  riveting  when  the  rivets  are  in  double  shear,  and 
must  be  content  with  75  and  70  per  cent,  of  section  of  the 
entire  plate  with  thin  and  thick  plates  respectively.  Smaller 
rivets  than  f "  should  not  be  employed,  unless  they  are  made 
with  much  larger  heads  than  is  the  custom,  in  order  to  with- 
stand the  effects  of  corrosion.  On  account  of  the  difficulty  of 
obtaining  sufficiently  strong  punches  smaller  rivets  than  those 
given  for  the  thick  plates  cannot  be  recommended.  Where 
the  holes  are  drilled  this  objection  does  not  apply,  and  a 
different  table  may  be  arranged,  commencing  with  5"  plates 
as  they  stand  and  ending  with  1"  plates  having  rivets  at 
3J"  pitch. 

Besides  the  loss  of  strength  due  to  the  unequal  distribution 
of  the  strain  through  the  whole  thickness  of  the  plates  in  a  lap 
joint,  very  thick  plates  are  also  liable  to  be  much  reduced  in 
strength  through  the  body  of  the  plate  by  injury  done  in  the 
excessive  amount  of  setting  they  require  where  the  transverse 
and  longitudinal  seams  cross  each  other.  For  this  reason  alone 
butt  joints  should  always  be  used  at  least  for  the  longitudinal 
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Beams  with  plates  over  f"  thick.  The  width  of  tho  strip  for 
double  riveting  should  be  at  least  0  times  the  diameter  of  rivet, 
and  may,  with  thick  plates,  bo  made  equal  to  10  times  tho 
diameter,  the  distance  from  tho  centre  of  the  holes  to  edge  of 
plates  and  strips  in  all  cases  being  equal  to  diameter  of  rivet 
multiplied  by  J. 


CHAPTER  V. 


WELDING. 

The  numerous  purposes  to  which  wrought  iron  is  applied 
could  not  be  effected  without  its  valuable  property  of  welding. 
It  is  of  the  utmost  importance  that  the  effect  of  this  process 
on  the  strength  of  the  material  should  be  properly  understood, 
since  there  are  more  structures  depending  on  the  soundness  of 
the  weld  than  on  the  strength  of  the  rolled  or  forged  bar  or 
plate. 

Mr.  Kirkaldy  made  some  experiments  on  the  breaking 
strength  of  welded  bars.  The  results  varied  greatly,  showing 
a  loss  of  from  2*6  to  43*8  per  cent.,  the  mean  loss  being  20*8 
per  cent.,  compared  with  the  solid  bar,  the  fracture  taking 
place  in  most  instances  partly  through  the  solid  bar  and  partly 
through  the  weld.  The  loss  of  strength  in  four  "Farnley" 
1-inch  square  bars  varied  from  6  tons  to  tons,  the  original 
strength  averaging  28  tons  per  square  inch.  With  14  "Glasgow 
Best  Best  w  bars,  varying  from  1\  inch  to  £  inch  square,  the 
loss  of  strength  varied  from  |  tons  to  11  tons,  per  square 
inch,  the  average  loss  being  8  tons.  The  original  strength  was, 
on  an  average,  about  25 J  tons  per  square  inch. 

Mr.  Kirkaldy  found  that  in  heating  a  bar  of  Glasgow  B. 
Best  iron  to  the  welding  point,  and  then  allowing  it  to  cool 
slowly,  that  the  breaking  strain  was  nearly  the  same  as  that 
borne  by  another  piece  off  the  same  bar  in  the  ordinary  con- 
dition ;  but  the  ductility  of  the  iron  was  injured  by  the  high 
temperature  and  want  of  hammering. 

Several  experiments  to  determine  the  strength  of  welded 
plates  have  been  made,  and  have  given  satisfactory  results.  Of 
these  may  be  mentioned  the  trials  at  Woolwich  on  the  strength 
3f  plates  welded  by  the  Bertram  process,  recorded  by  Mr.  D. 
K.  Clark. 

The  joints  were  of  two  descriptions,  namely,  the  scarf  weld 
and  the  lap  weld.      The  tensile  strength  was  found  to  ba 
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20  tons  por  square  inch  for  tho  solid  plates,  -?>,  fc9  and  |  inch 
thick.  Taking  tho  strength  of  tho  entire  plate  at  100,  that  of 
the  scarf  weld  for  tho  ^  and  J  plates  was  respectively  106 
and  102.  Tho  .Vinch  weld  proved  faulty.  The  results  from 
tho  lap  weld,  as  might  bo  expected  from  the  unequal  distri- 
bution of  the  strain  at  tho  joint,  were  not  satisfactory,  being 
respectively  50,  GO  and  GO.  This  makes  the  absolute  strength 
of  the  two  lap  welded  joints  alike  fur  },-  and  J- -inch  plates,  tho 
£-inch  plato  having  only  J  of  the  strength  of  the  entire 
plate,  whilst  tho  J  plato  has  J  the  strength,  which  may  be 
accounted  for  by  tho  moro  unequal  distribution  of  the  strain 
with  the  thicker  plate.  Tho  meagre  information  respecting 
the  fractures,  and  tho  fewness  of  the  tests  with  each  variety  of 
wold  and  thickness  of  plato  detracts  very  much  from  tho  value 
of  these  experiments  as  a  standard  for  general  use. 

Mr.  Kirtley,  in  a  paper  read  before  ''The  Institute  of  Me- 
chanical Engineers,"  records  tho  results  of  some  experiments  on 
the  tensile  strength  of  strips  of  plate  cut  across  the  weld, 
which  were  taken  from  several  boilers  made  with  welled 
longitudinal  seams.  Tho  strips  were  in  three  sets,  7.',  inches 
long,  the  wold  being  in  the  middle  of  each  piece.  The  follow- 
ing table  gives  the  results  of  the  tests  ;  the  pi  ites  were 
■^g  inch  thick  : — 

Strength  of  welded  plates* 


Width 

No.  of 

Broke 

Ekoka 

Breaking  strength  in  tons 

of 

strips 

in 

in 

per  square  inch. 

strip. 

tested. 

wtld. 

solid. 

Least. 

Ciixatc.-t. 

Mi  in. 

r 

15 

8 

7 

233 

20-2 

i| 

4 

2 

Q 

196 

82-2 

21-0 

i| 

4 

1 

16-1 

23\5 

217 

Total 

23 

12 

16"5 

23-S 

20-G 

Also  11  strips  of  the  same  plates 

207 

25-3 

23*0 

unwelded. 

It  appears  from  these  results  that  half  of  the  test  pieces 
broke  in  the  solid,  and  not  at  the  weld. 

The  average  loss  of  strength  of  the  23  welded  plates  was 
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only  12*7  per  cent.,  compared  with  the  strength  of  the  11 
unwelded  plates,  the  worst  pieces  showing  as  defective  a  weld 
as  would  occur  in  practice  had  7 0  per  cent,  of  the  average 
strength  of  the  unwelded  plates. 

The  weld  is  best  made  when  the  edges  of  the  plates  are 
upset,  at  a  red  heat,  by  hammering  or  pressure,  to  nearly 
double  their  thickness,  and  bevelled  to  an  angle  of  about  45°. 
The  edges  can  then  be  heated  simultaneously,  and  the  weld 
made  by  hammering  down  the  joint  to  the  original  thickness 
of  the  plate. 


CHAPTER  VL 


CONSTRUCTION  OF  BOILERS. 

Since  tho  plates  nro  stronger  lengthways  than  crossways, 
they  are  generally  arranged  in  a  cylindrical  boiler  shell,  with 
the  fibre  running  oircumferentially,  in  which  direction  they  are 
best  disposed  to  resist  tho  greatest  strain  due  to  the  internal 
pressure.  But  owing  to  the  greatest  strain  in  externally  fired 
boilers  being  along  the  bottom  in  a  longitudinal  direction  from 
the  sudden  contraction  caused  by  a  rush  of  cold  air,  or  by  tho 
deliveryof  cold  feed  water  on  to  the  bottom  plates,  some  engioMfl 
prefer  to  arrange  tho  plates  with  the  fibre  running  lengthwayi 
along  tho  boiler.  By  this  arrangement  the  bottom  plates  aro 
also  more  easily  replaced,  a  circumstance  of  some  importance 
with  hard-worked  externally-fired  boilers,  in  which  the  furnace 
plates  require  frequent  renewal.  In  order  to  avoid  the  great 
inconvenience  and  sometimes  danger  from  tho  constant  frac- 
turing of  rivet  holes,  especially  in  the  transverse  seams  over 
the  fire,  it  is  best  to  make  the  furnace  plates  of  externally  fired 
boilers  sufficiently  long  to  keep  tho  first  r i 1 1 seam  away  from 
the  influence  of  the  entering  cold  air,  and  at  the  same  time  to 
Bet  the  boiler  so  that  the  end  seams  do  not  become  intensely 
heated.  This  arrangement  necessitates  the  use  of  a  very  largo 
furnace  plate,  since  the  width  must  be  sufficient  to  keep  the 
longitudinal  seams  also  out  of  reach  of  the  fire  and  entering 
cold  air,  which  have  a  much  less  effect  on  the  single  than  on  the 
double  thickness  of  plato  that  occurs  at  the  lap  joints. 

In  short  boilers,  such  as  many  of  the  useful  little  vertical 
class,  the  plate3  are  most  easily  arranged  in  one  length,  with 
their  fibre  in  the  direction  of  the  height  of  the  boiler,  thus 
saving  the  work  in  one  ring  seam.  In  all  such  cases  where  the 
plates  are  arranged  lengthways  along  the  cylinder,  it  is  advisable 
to  allow  a  greater  margin  of  safety  than  when  the  plates  are 
arranged  lengthways  round  the  cylinder. 
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Wherever  a  ring  seam  occurs  the  longitudinal  seams  should 
be  made  to  break  joint,  for  the  sake  of  obtaining  the  increased 
strength  due  to  this  arrangement.  This  necessitates  the  thinning 
away  of  the  inside  plate  corners  where  the  overlap  occurs.  In 
order  to  avoid  the  labour  that  this  involves,  which  is  considerable 
when  thick  plates  are  used,  the  plates  are  very  often  arranged 
to  break  joint  by  one  or  two  rivets  only,  as  shown  in  fig.  9, 
page  74.  This  arrangement  is  but  little  stronger  than  having 
the  seams  in  one  line,  from  end  to  end,  and  should  never  be  used. 
It  however  saves  the  hammering  that  thick  plates  with  lap 
joints  have  to  undergo  to  make  them  fit  at  the  ring  seams, 
where  the  longitudinal  seams  break  joint,  which  must  in  many 
cases  damage  the  iron  considerably,  and  to  avoid  this,  as  well  as 
the  unequal  distribution  of  strain  involved  by  the  use  of  the 
lap,  the  longitudinal  joints  at  least  should  be  made  with  double 
butt  strips,  in  using  thick  plates. 

The  courses  or  belts  of  plates  that  make  up  the  length  are 
usually  arranged  conically  in  stationary  boilers,  with  the  out- 
side lap  facing  backwards.  When  the  boiler  is  set  slightly  in- 
clined towards  the  front  end,  this  arrangement  of  the  plates 
facilitates  the  draining  of  the  water  and  sweeping  out  at  the 
boiler  bottom  towards  the  front,  where  the  dirt  is  usually 
removed.  This  advantage  is  greatest  in  internally  fired 
boilers,  which  are  difficult  to  clean.  In  externally  fired  boilers 
this  arrangement  of  the  ring  seams  saves  the  edges  of  the 
plate  from  the  direct  impingement  of  the  flame,  which  takes 
place  when  the  outside  laps  face  the  front.  It  is,  however, 
more  liable  to  interfere  with  the  free  contraction  of  the  shell 
on  the  brickwork,  which  acts  from  front  to  back,  and  which  is 
of  more  importance  than  freedom  of  expansion,  the  former 
being  more  sudden  than  the  latter. 

In  long  vertical  boilers  it  is  customary  to  arrange  the  ring 
seams  with  the  inside  lap  facing  downwards,  so  as  not  to  leave 
a  projection  for  the  incrustation  to  lodge  upon.  With  the 
Fame  object  in  view,  some  engineers  also  insist  upon  the  longitu- 
dinal seams  at  the  sides  of  locomotive  boiler  shells  being 
arranged  with  the  edges  of  the  top  plates  inside,  as  they  con- 
sider the  liability  to  groove  is  increased  when  the  edge  of  the 
inside  plates  face  upwards,  to  form  a  ledge  for  the  incrustation 
to  accumulate  upon. 

In  locomotive  boilers  the  belts  of  plating  are  nearly  always 
arranged  parallel,  and  of  late  it  has  become  the  practice  with 
many  makers  to  arrange  them  tulescopically  with  the  largest 
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diami'ter  at  tlio  firebox  end,  to  which  the  sludge  is  drained 
for  removal  at  tho  mudholes.  This  arrangement  also  allows 
room  for  a  slightly  wider  firebox  ;  it  also  facilitates  tho  arranging 
of  the  tubes,  and,  in  many  cases,  tends  to  prolong  the  life  of 
the  firebox. 

Of  late  years  it  has  become  tho  practice;  with  the  best  makers 
to  use  larger  platos  in  the  shell  than  formerly.  In  stationary 
boilers  tho  size  is  usually  limited  by  the  weight  the  manufac- 
turers supply  tho  plates  at,  without  extra  charge,  which,  as  a 
rulo,  is  4  cwt.  for  plates  of  good  Staffordshire  quality.  Tho 
greatest  width,  without  extra  charge,  is  usually  about  4  feet, 
and  tho  length  is  arranged  to  keep  tho  weight  of  the  plate 
within  4  cwt.  ;  but  many  engineers  wisely  prefer  to  incur  the 
extra  cost  of  using  larger  plates,  and  so  re  luce  the  number 
of  seams  and  consequent  risk  of  leaky  joints  and  rivets  as 
well  as  of  grooving.  Locomotive  boiler  barrels  are  frequently 
made  with  plates  long  enough  to  necessitate  <>nly  one  longitu- 
dinal seam  in  each  belt  of  plates,  which  shoul  I  b  *  placed  above 
the  water  level,  where  it  is  not  liablo  to  groove.  Jn  some 
cases  the  longitudinal  seams  are  welded,  an  1  the  ring  seams 
made  with  outside  covering  strips.  In  order  to  still  further 
increaso  tho  strength  of  the  boiler  where  there  are  no  external 
flues,  strong  wrought-iron  rings  are  shrunk  on  at  mid-length  of 
each  belting.  To  compensate  for  the  strength  lost  by  cutting 
out  the  rivet  holes,  plates  with  thickened  edges  are  sometimes 
used  for  locomotive  boiler  barrels.  As  the  thick  edges  are  in 
the  direction  of  the  length  of  the  plate,  they  can,  unfortunately, 
only  be  used  for  the  ring  seams  where  the  additional  strength 
is  least  required  in  well-designed  locomotive  boilers. 

The  strength  of  the  cylinder  and  sphere  has  already  been 
examined,  and  the  resistance  of  flat  and  cambered  surfaces 
partially  discussed.  In  boilers  of  even  moderate  diameter,  and 
under  ordinary  pressures,  the  flat  ends  of  ordinary  thickness 
are  so  weak,  if  unstayed,  that  the  bulging  out  would  be  ex- 
cessive, and  would  consequently  tend  to  act  with  a  considerable 
leverage,  and  wrench  off  the  rivet  heads  securing  the  plate  to 
the  barrel,  if  attached  in  tho  ordinary  manner  by  angle  irons. 
The  alternate  bulging  and  straightening  of  the  plate  produced 
by  the  varying  pressure  in  the  boiler  would  also  tend  to  pro- 
duce fracture  through  the  liue  of  rivet  holes,  or  work  open  tho 
fibres  of  the  iron  along  the  liue  where  this  action  is  most  felt, 
and  which  is  generally  along  the  inside  edge  of  the  angle  iron, 
or  at  the  angle  iron  root,  producing  leakage,  grooving,  and 
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ultimately,  fracture,  which  are  treated  of  in  the  chapter  od 
"  Wear  and  Tear." 

It  may  be  here  remarked  that  the  mode  in  which  a  flat, 
dished  or  cambered  end  plate  is  secured  to  the  barrel  materially 
affects  its  capability  of  resisting  the  effect  of  the  internal  stress 
upon  it.  The  modes  adopted  are  by  angle  iron,  either  internal 
or  external,  or  by  flanging  either  the  barrel  or  end  plate. 

Where  stiffness  is  not  required  near  the  circumference  of 
the  barrel,  as,  for  instance,  where  it  is  desirable  to  leave  room 
for  the  plate  to  spring,  in  the  case  of  internally  fired  boilers, 
the  angle  iron  should  be  applied  outwardly,  or  the  barrel 
flanged  outwardly,  to  receive  the  end  plate. 

As  a  rule,  the  flanged  arrangements  are  less  liable  to  grooving 
than  when  angle  irons  are  used,  and  form  the  best  mode  of 
attachment,  provided  the  plates  are  not  too  much  reduced  in 
thickness  when  the  flanging  is  outward.  In  Cornish  and  Lan- 
cashire boilers,  it  is  the  custom  to  attach  the  front  end  plate  with 
outside  angle  irons,  and  the  back  end  with  inside  angle  irons. 
The  crowns  of  vertical  boiler  shells  are  usually  attached  by  flanging 
or  by  inside  angle  irons.  Where,  however,  in  long  boilers  the  in- 
ternal flue  tubes  are  not  more  than  5"  or  6"  from  the  side  of  the 
barrel,  outside  angle  irons  should  be  used  to  allow  the  end-plate 
to  spring. 

In  small  vertical  boilers  sufficient  strength  can  be  given  to 
the  end-plate  by  dishing  it,  which  removes  the  necessity  of 
staying  it  further  than  with  the  flue  tube.  In  cases  where 
there  is  a  cluster  of  small  tubes,  the  crown  is  best  made  flat 
for  facility  of  tightening  the  tube  ends,  and  in  most  cases 
sufficient  strength  can  be  given  to  this  plate  by  increasing  its 
thickness  within  moderate  limits. 

With  a  view  to  strengthen  the  furnace  crowns  of  small  vertical 
boilers,  they  are  usually  made  with  considerable  camber.  In 
many  cases,  however,  this  camber  renders  the  plate  too  stiff  and 
unable  to  spring  without  producing  grooving  ;  a  certain  amount 
of  play  should  be  allowed,  in  order  to  accommodate  the  ex- 
pansion and  contraction  of  the  flue  tube  or  tubes. 

Various  methods  have  been  devised  for  securing  the  internal 
furnaces  of  vertical  boilers  to  the  shell.  The  first  that  suggests 
itself  is  the  old-fashioned  solid  ring,  made  out  of  a  rectangular  bar 
of  iron.  The  depth  of  this  ring  should  never  be  less  than  its 
width,  as  the  pressure  on  the  crown  has  a  tendency  to  upset  it. 
When  the  ring  is  shallow,  the  upsetting  action  frequently  produces 
grooving  in  the  shell  plate,  round  the  top  of  the  ring.  When 
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these  rings  are  more  than  3"  wide,  and  of  equal  depth,  they 
should  be  double  riveted,  to  prevent  leakage  and  grooving,  if 
they  havo  to  carry  a  great  load.  There  are  more  than  half-a- 
dozen  other  methods,  but  which  do  nut  call  fur  remark. 

We  shall  now  consider  the  various  means  used  to  strengthen 
flat  and  cambered  surfaces,  such  as  screwed  and  riveted  bolts, 
stilFening  ribs,  girder  stays,  gussets,  <fcc. 

The  difference  in  strongth  between  screwed  and  unscrewed 
bolts,  according  to  Mr.  Kirkaldy,  is  influenced  by  the  manner 
in  which  the  dies  act  upon  the  iron.  Old  dies  have  a  harden- 
ing effect,  which  raises  the  breaking  strength  at  tin-  expense  of 
the  stretching,  when  compared  with  new  dies  or  chasing  tools, 
which  cut  cleaner.  Tho  average  tensile  strength  of  a  screwed 
bar,  l"  and  above  in  diameter,  may  be  taken  at  20  tons  per 
square  inch  of  the  unscrewed  section.  It  lias  been  frequently 
assumed  that  bolts  of  small  diameter — J"  or  J",  are  superior 
in  strength,  section  for  section,  to  those  of  1  \"  and  above; 
but  recent  experiments  do  not  bear  out  this  assumption — at 
least,  not  to  tho  extent  asserted,  some  50  per  cent. 

In  order  to  preservo  the  original  strength  of  a  tie  bar,  as 
well  as  to  facilitate  the  operation  of  screwing  it  into  the  plates, 
it  is  customary  to  increase  the  diameter  of  tho  screwed  por- 
tions. This  also  acts  advantageously  in  allowing  the  bar  to 
stretch  when  strained  severely.  A  bar  of  ordinary  quality 
and  of  uniform  section  throughout  is  found,  under  tension,  to 
stretch  considerably  before  breaking.  The  degree  and  regu- 
larity of  tho  stretching  depends  principally  upon  the  quality 
of  tho  material.  If,  however,  the  section  of  the  bar  be 
diminished  in  one  or  moro  places,  the  effect  of  the  strain  and 
consequently  the  stretching  is  confined  to  these  weaker  por- 
tions, so  that  a  bar  with  a  narrow  groove,  like  the  thread  of  a 
screw,  cut  in  it,  scarcely  stretches  at  all  before  breaking.  It 
is  for  this  reason  that  screwed  tie  rods,  without  swelled  ends,  are* 
sometimes  found  to  snap  suddenly  under  severe  strain,  usually  at 
the  end  of  the  screwed  portion  to  which  the  stretching  is 
confined.  "When  the  ends  are  thickened  fur  screwing,  so  that 
^he  diameter  at  the  bottom  of  the  thread  exceeds  that  of  the 
rest  of  the  bar,  the  stretching  is  no  longer  confined  to  one  part, 
and  the  bar  is  better  able  to  bear  a  sudden  strain. 

The  practice  of  turning  the  thread  off  the  middle  portion 
of  locomotive  firebox  stays,  or  of  swelling  the  diameter  of 
the  screwed  ends,  is  sometimes  adopted  to  render  the  stays 
more  flexible,  and  consequently  better  able  to  bear  without 
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injury  the  awkward  transverse  strains  thrown  upon  them  by 
the  greater  expansion  of  the  inside  firebox  compared  with 
that  of  the  outside  shell,  which,  in  course  of  time,  renders 
the  iron  stays  in  the  upper  parts  of  the  box  exceedingly 
brittle  and  liable  to  snap.  Another  advantage  claimed  for 
this  plan  of  turning  off  the  thread  is  that  the  even  surface 
of  an  iron  stay  withstands  the  corrosive  action  of  the  water 
better  than  when  it  is  screwed.  For  durability  the  stays  of 
locomotive  fireboxes  are  better  made  of  copper,  especially 
those  that  are  in  contact  with  the  mass  of  incandescent  fuel. 
With  firebox  plates  not  more  than  Tg-"  thick,  the  thinnest  part 
of  the  stay,  or  the  diameter  at  the  bottom  of  the  thread, 
should  not  be  less  than  J"  when  copper  stays  are  used,  or 
e^se  they  are  liable  to  bend  in  hammering  down  the  ends. 
This  applies  to  stays  even  as  short  as  3"  between  plates. 
With  stifFer  stays  of  iron  the  smallest  diameter  may  be  -|". 
On  the  other  hand  it  is  not  advisable  to  make  these  iron  stays 
larger  than  outside  diameter,  with  T7g  plates,  as  the  extra 
amount  of  hammering  involved  in  knocking  down  the  ends  of 
thicker  bolts,  with  ordinary  care,  is  liable  to  spoil  the  threads. 

In  using  water  containing  certain  salts,  the  use  of  copper 
stays  is  sometimes  accompanied  by  a  rapid  corrosion,  which 
appears,  like  countersinking  of  the  inside  of  the  iron  plate  round 
the  bolts.  This  is  usually  ascribed  to  galvanic  action.  The  heads 
of  copper  stay  bolts  should,  in  consequence,  be  made  larger  than  is 
the  usual  practice,  as,  too  often,  little  or  no  thread  is  left  to 
depend  upon. 

For  plates  less  than  |  inch  thick,  the  number  of  threads  on 
the  bolts'  stay  should  not  exceed  11  or  12  to  the  inch,  in  order 
to  get  a  good  hold  when  screwed  into  the  plate.  When  the 
stay  is  not  screwed  into  the  plate  it  is  usual  to  secure  the  ends 
with  nuts  and  washers,  which  should  be  applied  to  both  sides 
of  the  plate,  to  insure  tightness  or  freedom  from  leakage. 
The  thickness  of  the  nut  is  usually  made  equal  to  the  diameter 
of  the  screw.  This  allows  a  margin  of  strength  to  compensate 
for  badly  formed  and  loose  threads.  It  has  been  found  that 
where  the  thickness  of  the  nut  and  diameter  of  the  screw  are 
as  f  to  1,  threads  of  ordinary  pitch,  if  well  made,  and  a  good 
fit,  will  not  strip  before  the  bolt  breaks. 

Besides  being  screwed  into  the  plate  and  having  the  end 
riveted  over,  or  passed  through  the  plate  and  secured  by  nuts 
and  washers,  longitudinal  and  other  stay  bars,  which  may  ba 
either  square  or  round,  can  be  secured  to  flat  plates  by  means 
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of  pins,  bolts,  or  cotters  passing  through  angle  irons  or  T  ironc, 
which  impart  stillness  to  tho  plate  they  aro  riveted  to.  The 
practice  of  securing  them  by  cotters  and  saddle  plates  is  not  so 
common  as  it  was  a  few  years  ago.  When  pins  or  bolts  are 
used  they  should  always  be  arranged  for  doable  shear,  either 
by  forming  double  eyes  upon  the  ends  of  tho  stay  which 
clip  tho  T  iron,  or  by  forming  a  single  eye  on  the  stay  and 
placing  it  between  two  angle  irons  through  which  the  pin 
passes. 

In  proportioning  tho  sizes  of  the  stay  bar  and  its  bolt  so  that 
they  may  bo  of  equal  ultimate  breaking  strength,  the  diameter 
of  tho  bolts  will  usually  bo  too  small  to  afford  sufficient  bearing 
surface  in  the  angle  or  T  iron,  which,  except  in  locomotive 
boilers,  seldom  excoed  §"  in  thickness,  and  soon  fail  by  crippling 
or  bulging.  In  order  to  increase  the  bearing  surface  on  the 
angle  iron  and  at  the  same  time  to  impart  additional  Btifrhess 
to  tho  structure,  i"  or  j*  plates  about  0"  wide  are  frequently 
riveted  to  these  end  anglo  irons  in  stationary  boilers.  Inste  ad  of 
using  a  very  large  single  bolt  to  ensure  sufficient  bearing  sur- 
face, it  is  better  to  forgo  a  good  deep  T  end  upon  the  stay  bar, 
which  can  bo  secured  to  the  angle  irons  between  which  it  is 
placed  by  three  or  four  bolts  of  moderate  diameter. 

A  defect  often  met  with  in  staying  the  ends  of  boilers  is  tho 
omission  of  cotters  through  the  pins  when  double  eyes  and 
single  T  irons  aro  used.  This  omission  allows  the  double  eye 
to  open  out  under  strain,  when  it  acts  upon  its  pin  with  con- 
siderable leverage  and  bends  it.  These  pins  arc  sometimes 
found  bent  to  an  anglo  of  90°  and  totally  inoperative.  When 
the  stay  is  secured  by  cotters  and  saddle  irons  care  should  be 
taken  to  make  tho  cotter  of  sufficient  depth,  since  it  is  usually 
by  its  bending  that  this  system  fails.  The  hole  through  tho 
saddle  plate  should  not  be  cut  larger  than  is  absolutely  neces- 
sary to  let  the  stay  pass,  which  is  usually  square. 

When  the  flat  surface  is  of  small  area  and  the  pressure  is  not 
great,  stays  or  tie  bolts  aro  sometimes  dispensed  with,  and  still- 
ness is  imparted  by  simply  riveting  angle  or  T  irons  to  the  flat 
plates.  These  are  disposed  radially  or  in  which  ever  manner 
they  can  best  be  applied  to  take  the  strain,  according  to  circum- 
stances. This  mode  of  strengthening  the  ends  of  cylindrical 
boilers  is  very  inefficient,  and  is  unfortunately  but  too  oftei\ 
employed.  Numerous  cases  have  occurred  where  it  has  been 
the  source  of  much  annoyance  and  loss.  It  is  used  chiefly  by 
makers  to  save  expense,  -  or  by  those  who  have  experienced 
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trouble  from  grooving  and  other  evils  caused  by  an  injudicious 
application  of  gussets  or  other  stays. 

It  is  sometimes  argued  that  if  the  ends  be  prevented  from 
bulging  by  stiffening  ribs,  any  further  staying  to  the  shell  or 
from  end  to  end  is  superfluous,  as  the  rivets  securing  the  end 
to  the  shell  are  sufficient  of  themselves  to  prevent  the  end  from 
being  torn  off.  This  argument  can,  however,  only  apply  to  a  new 
boiler,  for  it  is  found  that  the  ever-varying  strains  to  which  the 
flat  surfaces  of  boilers  are  subjected,  often  in  the  course  of  time 
seriously  affect  the  strength  of  these  stiffening  ribs  however  well 
they  may  have  answered  at  first.  Cases  have  occurred  where 
T  iron  ribs  on  the  ends  of  internally  fired  boilers  have  become 
crippled  with  the  working  pressure  after  a  few  years'  use,  and 
yet  showed  no  permanent  set  when  the  boiler  was  tested  by 
water  at  double  the  pressure  when  new.  In  the  cases  referred 
to,  the  T  irons  were  not  injured  by  corrosion,  which  would  have 
caused  them  to  fail  much  sooner.  The  loss  of  strength  can  only  be 
ascribed  to  the  injurious  effect  of  the  continually  varying  strain. 

The  circumstance  appears  to  be  sometimes  overlooked  that 
the  pressure  against  a  flat  end  plate  merely  stiffened  and  not 
stayed,  exerts  an  awkward  strain  on  the  rivets  and  heads  at- 
taching it  to  the  shell  angle  iron,  and  a  trying  transverse  strain 
on  the  plate  at  the  line  of  attachment,  in  consequence  of  which 
plates  strengthened  in  this  manner  often  fail  from  tearing 
through  the  line  of  rivet  holes. 

It  is  only  in  cases  where  the  diameter  of  the  boiler  is  very 
small,  or  the  pressure  very  low,  that  stiffening  ribs  are  to  be 
recommended.  In  some  instances  they  can  be  advantageously 
applied  as  auxiliaries  to  longitudinal  and  gusset  staying. 

In  boilers  of  considerable  length,  say  20  feet  and  upwards, 
it  is  necessary  to  support  or  suspend  the  longitudinal  stays,  and 
unless  they  are  secured  by  nuts  at  one  end  at  least,  they  should 
be  divided  at  mid  length  and  provided  with  a  double  socket  and 
two  cotters  to  draw  them  taut.  It  is  of  the  first  importance 
that  the  arrangement  of  longitudinal  staying  should  not  inter- 
fere with  the  efficient  cleaning  or  examination  of  the  inside  of 
the  boiler.  But  in  too  many  cases  the  stays  are  made  so  small 
in  section  and  consequently  many  in  number  as  to  render  it 
quite  impossible  to  reach  all  parts  of  the  boiler.  For  facility 
of  cleaning  and  examination  as  well  as  for  efficient  staying,  gus- 
sets should  be  used  in  preference  to  any  other  method  foi 
strengthening  the  flat  ends,  unless  the  boiler  is  of  such  small 
length  compared  with  the  diameter  as  to  render  the  application 
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of  efficient  gussets  as  groat  an  impediment  to  cleaning  as  longi- 
tudinal staying. 

In  all  cases  where  single  gusset  plates  are  used  they  should 
bo  secured  to  the  shell  and  ends  by  double  angle  irons  with  the 
rivets  in  double  shear,  and  not  by  single  [_  irons  or  "J"  irons  with 
the  rivets  loosely  inserted  and  acting  with  scarcely  any  effect. 
Double  gusset  plates  and  T  irons  are  not  to  be  recommended 
owing  to  their  greater  expense,  when  single  plates  and  double- 
jinglo  irons  can  bo  made  to  do  as  well.  Some  makers  set  and 
fix  their  gussets  to  the  shell  before  tho  end  plate  is  attached. 
This  enables  tho  gusset  to  be  made  of  one  plate.  When,  how- 
ever, the  gussets  are  applied  subsequently  to  tho  fixing  of  tho 
end  plates,  they  require  to  bo  mado  in  pieces  sufficiently  narrow 
to  admit  of  their  introduction  through  the  manhole.  The 
former  of  these  methods  requires  greater  skill  to  make  a  good 
job,  but  forms  a  better  stay  than  the  latter.  When  tho  stay 
consists  of  a  single  gusset  plate,  and  where  its  length  and 
strength  of  attachment  on  the  shell  side  is  sufficient  to  resist 
the  tendency  of  the  strain  to  move  it  in  a  longitudinal  direction 
or  to  turn  it  on  a  point  near  tho  corner  formed  by  tho  end 
plate  and  shell,  it  will  fail  by  crippling  at  the  rivet  holes,  or  by 
shearing  the  rivets  securing  tho  plate  to  tho  end,  or  by  drawing 
off  tho  rivet  heads  securing  the  angle  irons  to  the  flat  end,  which 
must  therefore  be  made  sufficiently  strong  to  bear  tho  strain 
where  most  severe,  which  will  be  at  the  centre  of  gravity  of  tho 
sector  when  the  gusset  is  arranged  radially. 

When  the  stay  consists  of  a  gusset  plate  and  diagonal  plate,  the 
strength  of  the  latter  must  be  considered  separately  as  a  diagonal 
stay.  It  may,  however,  be  remarked  that  a  considerable  portion 
of  the  strain  that  would  otherwise  come  upon  the  diagonal  plate 
is  distributed  by  the  angle  iron  over  a  portion  of  the  gusset  plate; 
and  whsro  the  edges  of  the  two  plates  are  also  butted  well  to- 
gether the  whole  stay  may  be  considered  as  a  solid  gusset  plate. 

There  can  be  no  doubt  that  where  applicable  a  gusset  forms 
the  best  stay,  especially  in  cases  where  it  is  of  great  depth, 
which  enables  it  to  act  effectively  over  a  great  length  of  plate. 
In  the  event  of  the  end  plate  giving  way  through  the  rivet 
holes  or  along  the  edge  of  the  angle  iron  securing  it  to  the  boiler 
shell  or  flue  tubes,  the  gusset  plate  if  well  secured  would  bo 
more  likely  than  any  other  kind  of  stay  to  hold  the  end  plato> 
in  its  place  and  allow  the  pressure  to  diminish  gradually  through 
the  rent  formed,  instead  of  blowing  the  plate  completely  away 
and  causing  a  violent  explosion. 
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In  cases  where  considerable  pressure  is  used,  it  is  advisable 
to  extend  the  length  of  the  gusset  along  the  shell  and  secure  it 
to  the  second  belting  of  plates,  and  not  to  the  first  only,  which 
is  the  usual  practice.  Long,  plain,  cylindrical  externally  fired 
boilers  being  liable  to  break  their  backs,  should  have  their  ends 
tied  together  with  stout  longitudinal  plate  or  bar-stays  properly 
suspended  or  supported  where  necessary.  These  stays  are  not 
so  much  intended  to  prevent  the  occurrence  of  transverse  seam 
rips  as  to  prevent  the  two  ends  flying  off  in  opposite  directions 
if  a  transverse  rent  should  occur,  and  so  far  are  meant  to  pre- 
vent an  explosion,  or  at  least  to  greatly  mitigate  its  effects. 

Straight  furnace  tubes  attached  by  angle  irons  or  flanges  to 
flat  plates  and  small  tubes  riveted  over  at  the  ends  may  be 
regarded  as  stays  for  the  plates  they  unite.  When,  however,  in 
the  case  of  a  cluster  of  small  tubes  the  plates  are  thin  and  of  large 
area  the  tubes  alone  cannot  be  depended  upon,  even  when  ferruled 
and  riveted  over  at  both  ends,  and  their  efficiency  as  stays  should 
be  increased  either  by  prolonging  some  of  them  beyond  the  plates 
and  screwing  nuts  on  their  ends,  or  by  inserting  at  proper  dis- 
tances longitudinal  stays  secured  by  nuts  both  inside  and  out. 

It  must  be  remembered  that  in  longitudinal  tubes  heated 
internally  either  all  round  their  circumference  when  vertical, 
or  only  on  their  upper  surface  when  horizontal,  the  greater 
expansion  of  the  tube  compared  with  that  of  the  shell,  throws 
a  severe  strain  on  the  end  attachment  and  stays,  over  and 
above  that  due  to  the  pressure.  This  happens  only  with  tubes 
of  too  large  a  diameter  compared  with  their  length  to  accommo- 
date themselves  to  the  expansion  by  bending,  and  it  is  only 
after  the  expansion  due  to  the  heat  has  been  allowed  by  the 
bulging  of  the  end  plate  or  stretching  of  the  shell  and  stays, 
that  the  tube  can  be  regarded  as  a  stay  at  all.  It  is,  therefore, 
obvious  that  such  tubes  should  have  freedom  to  expand  and 
contract  without  throwing  undue  stress  on  the  rest  of  the  boiler, 
which  is  best  effected  by  imparting  to  the  end  plates  the  least 
amount  of  rigidity  consistent  with  safety,  which  may  be  done 
by  keeping  all  the  stays  the  greatest  distance  allowable  from 
the  tube,  and  by  making  the  flat  ends  as  thin  as  may  be 
expedient. 

The  flat  ends  of  tubular  boilers,  at  least  up  to  8  feet 
diameter,  should  always  be  made  in  one  plate,  either  solid  or 
welded,  and  not  in  several  pieces,  which  are  so  liable  to  leak  or 
groove  at  the  riveted  joints. 

The  usual  method  of  calculating  the  pressure  acting  on  stay 
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bolts,  is  to  consider  each  bolt  as  sustaining  the  pressure  against 
a  certain  area  of  tho  plate  to  which  it  is  attached.     In  water- 
space  staying  the  area  is  measured  by 
the  rectangle  contained  between  four 
bolts,  as  in  fig.  13.  ( 

Where  tho  pressure  is  very  great, 
as  in  locomotive  boilers,  tho  strength 
of  the  plate  is  not  taken  into  account, 
tho  whole  pressure  being  regarded  as 
borne  by  tho  stays.  Water-space  stays 
should  be  made  to  bear  at  most  one- 
eighth  or  one- tenth  their  breaking  strain , 
or  say  4000  lbs.  per  square  inch,  to 
ensure  sufficient  strength  being  left  whon  they  aro  wasted  by 
corrosion.  Tho  whole  surface  of  the  stay  bolt  is  exposed  to  the 
corrosive  efFect  of  tho  water,  whilst  only  one  side  of  tho  plate 
is  exposed. 

The  size  of  tho  stay  may  bo  found  by  tho  following 
formula : — 

A_*3  x  p 

4000 

where  A  =  area  of  each  bolt ;  s=  distance  between  centres,  and 
P  =  working  pressure. 

When  tho  area  of  tho  bolts  is  given,  the  distance  of  tho 
centres  can  bo  found  as  follows  : — 

4000  x  A 
P 

In  determining  tho  diameter  of  stay,  it  is  usual  to  make  it 
twice  the  thickness  of  tho  plate. 

To  render  the  insido  of  locomotive  and  similar  boilers  moro 
accessible,  the  end  plate  stays  are  sometimes  arranged  diago- 
nally and  secured  to  the  shell,  and  in  various  other  descrip- 
tions of  boilers  diagonal  stays  are  used  instead  of  longitudinal. 
These  diagonal  stays  should  never  be  attached  to  the  inside 
furnaces  or  furnace  tubes,  where  they  are  b'able  to  cause  trouble 
by  their  tendency  to  arrest  the  expansion  and  contraction  of 
the  plates.  Tho  resultant  tension  is  greater  on  a  diagonal  than 
on  a  longitudinal  stay,  and  may  be  found  thus  r — 

P 

cosiu  A 

p  2 
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where  D  =  tension  on  diagonal  stay  ;  P  =  pressure  against  end 
plate,  and  A  the  angle  which  the  stay  makes  with  the  direc- 
tion of  the  pressure  against  the  flat  plate. 

In  fig.  14,  if  we  make  S 
Fig.  14.  the  distance  between  the  flat 

plate  E,  and  stay  attachment 
B  =  the  pressure  at  right 
angles  to  the  plate  which  is 
supported  by  the  stay,  the 
tension  D  will  be  represented 
graphically  by  the  centre  line 
T  of  stay. 

We  are  indebted  to  Sir 
W.  Fairbairn  for  some  experiments  on  iron  and  copper  screwed 
stay  bolts,  let  into  copper  and  iron  plates  similar  to  locomo- 
tive firebox  staying. 

1st.  A  J"  iron  stay  with  enlarged  head  screwed  and  riveted 
into  a  -I"  iron  plate,  failed  by  breaking  through  the  shank  with 
12*5  tons,  the  screw  and  plate  remaining  uninjured. 

2nd.  A  similar  arrangement,  but  with  a  copper  plate,  failed 
with  a  load  of  10*7  tons,  the  head  tearing  off,  and  the  copper 
threads  stripping. 

3rd.  A  f"  iron  stay  with  enlarged  end  screwed  into  a 
copper  plate,  and  not  riveted,  was  drawn  out  of  the  plate 
by  8*1  tons,  the  copper  thread  stripping. 

4th.  A  J"  copper  stay  with  enlarged  end,  screwed  and 
riveted  into  a  -§"  coppper  plate,  broke  through  the  shank  with 
7*2  tons,  after  stretching  y9^". 

The  above  results  may  be  arranged  as  follows  : — 


1st.  Iron  into  iron,  screwed 

and  riveted  . 
2nd.  Iron  into  copper,  screwed 

and  riveted  . 
3rd.  Iron  into  copper,  screwed 

only  .... 
4th.  Copper  into  copper,  screwed 

and  riveted  . 


Breaking 
weight. 

Tons. 


12'5 
10-7 
8-2 
7-2 


Strength 
distributed 
over  25"  area, 
this  would 
give  lbs.  per 
square  inch. 


1120 
960 
726 
645 


Strength 
distributed 
over  10"  area, 
this  would 
give  lbs.  per 
square  inch. 


1750 
1500 
1134 
1008 


CONSTRUCTION  OF  BOILKRS. 


101 


Tho  first  of  theso  results  shows  that  $"  length  of  screw,  sup- 
plemented by  a  riveted  head,  is  fully  equal  in.  strength  to  the 
bolt. 

Comparing  the  second  and  fourth  results,  wo  find  that  an 
iron  stay  is  50  per  cent,  stronger  than  tho  copper  stay,  both 
being  in  copper  plates. 

The  method  of  locomotive  firebox  staying  was  still  further 
tested  by  the  same  eminent  authority.  Two  boxes  were  con- 
structed, each  22"  square,  having  water  space  between  |  iron 
and  copper  plates,  stayed  with  J  ?  "  iron  stays,  having  enlarged 
ends  scrowed  into  tho  plates,  and  riveted.  In  one  box  the 
stays  wero  arranged  at  5"  centres.  On  the  application  of 
water  pressure  the  sides  began  at  455  lbs.  per  square  inch  to 
bulge  outwards  botween  the  stays.  At  815  lbs.  the  construc- 
tion gave  way,  the  head  of  tho  central  stay  being  drawn 
through  the  copper  plate.  In  tho  other  box  the  stays  were 
placed  at  4"  centres.  Tho  bulging  began  at  515  lbs.,  increas- 
ing to  995  lbs.  ;  from  this  to  1295  lbfl.  the  increase  of  the 
bulging  was  iuappreciablo  ;  it  then  increased  till  the  pressure 
reached  1  COO  lbs.,  when  it  amounted  to  one-third  of  an  inch. 
At  lC251bs.  the  §"  iron  plate  gave  way  by  the  thread  strip- 
ping, and  allowed  ono  of  tho  stays  to  be  drawn  through. 

In  this  last  experiment  the  iron  plate  and  not  the  copper 
one  was  the  weakest,  whilst  tho  stays  remained  sound.  Tho 
greatest  stress  upon  each  stay  was  9  tons  for  those  at  5"  centres, 
and  Hi  tons  for  those  at  4"  centres.  The  actual  breaking 
strength  of  tho  stays  would  be  about  1G  tons. 

Comparing  these  last  results  with  the  first  of  the  other  set 
of  experiments,  we  find  the  thread  in  the  iron  plate  14  per 
cent,  weaker  under  conditions  approaching  nearer  to  those  in 
actual  practice  than  obtained  in  the  experiment  when  the  plate 
stood  sound  at  12*5  tons.  The  bulging  of  tho  plate  may 
account  for  the  decrease  of  strength,  as  it  would  cause  the  plate 
to  be  drawn  away  all  round  the  screw,  especially  on  the 
inside,  and  would  therefore  diminish  the  efficiency  of  the 
threads.  With  a  similar  box,  but  having  the  stays  at  9"  or 
10"  centres,  it  is  very  probable  the  bulging  would  be  so  great 
as  to  enlarge  the  holes,  aud  allow  the  centre  stays  to  draw  out 
without  even  stripping  the  threads. 

Whatever  value  the  above  experiments  may  have  in  proving 
that  for  similar  arrangements  the  bolt  is  weaker  than  the  plate, 
and  that  the  usual  practice  of  locomotive  firebox  staying  is 
sufficiently  strong,  they  afford  no  sufficient  data  on  which  to 
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base  the  ultimate  strength  of  the  plates  themselves,  a3  for 
instance  when  the  stays  are  better  secured  by  nuts  and  washers 
instead  of  by  riveting  over.  For  want  of  better  information 
we  are  still  justified  in  proportioning  our  stayed  surfaces 
according  to  the  theory  advanced  on  page  23 — that  the 
strength  of  flat  stayed  surfaces  is  inversely  as  the  square  of  the 
distance  of  the  stays,  the  thickness  being  constant,  and  with 
the  same  distance  of  stays  the  strength  of  the  plate  varies  as 
the  square  of  the  thickness,  and  may  be  expressed  by  the 
following  formula  ; — - 

P*2  =  2  c  7i3 

where  P  =  pressure,  s  =  distance  between  stays,  c  =  a  con- 
stant, which  we  may  take  at  54,000  for  iron  plates,  h  =  thick- 
ness of  plate.  If  we  take  6  as  the  factor  of  safety,  c 
becomes  9000. 

When  the  pressure  and  thickness  are  given,  we  have, 


from  which  formula  the  following  table  of  distances  of  stays  for 
different  pressures  with  -§"  T7g"  and  J"  plates  is  calculated. 


Pressure  in 

lbs.  per 
square  inch. 

Centres  of  stays 
for 

§"  plates. 

iV  plates. 

J"  plates. 

20 

13 

15 

30 

n 

lOf 

12| 

40 

8 

n 

101 

50 

7s- 

81 

9  A 

60 

6h 

'i 

8| 

70 

6~ 

7 

81 

80 

KI 

6i 

74 

90 

°4 

64 

7 

100 

5 

6| 

110 

4| 

g  i 

61 

120 

n 

4 

130 

5 

"a 

140 

H 

41 

68 

150 

4± 

5h 

160 

4 

*i 

j  Dia.  of  stay 

V 

l" 

U" 
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Ah  the  unstayed  surfaces  are  calculated  from  the  centres  of 
the  stay  bolt*,  instead  of  from  the  eilgo  of  the  head  or  actual 
point  of  support,  the  above  tablo  gives  a  greater  margin  of 
safety  than  0,  and  the  centres  may  bo  increased  for  f" 
plates  ;  li"  for  TTy"  plates,  and  1J"  for  A"  plates.  The  strength 
of  the  bolts  must  be  increased  to  correspond  with  the  increase 
of  surface  ;  and  instead  of  the  sizes  given  at  bottom  of  the  table, 
they  will  vary  from  1  to  11,  from  1*  to  If,  and  from  1$  to  Ir- 
respectively for  pressures  of  from  20  to  100  lbs.  The  iuereased 
distances  can  only  bo  relied  upon  where  tho  stays  are  secured 
by  nuts,  or  where  theso  are  not  admissible,  by  strong,  stout, 
riveted  heads,  not  liablo  to  waste  away,  and  not  where  the 
paltry  flat  heads  so  generally  used  are  employed 

As,  however,  1",  lj"  and  1  j"  are  for  |",  and  h"  plates 
respectively,  the  largest  diameter  of  stay  that  admits  of  having 
proper  sized  heads  formed  by  hammering,  without  injuring  tho 
threads,  theso  diameters  should  limit  tho  widest  centres  of 
stays,  when  nuts  aro  not  used,  at  different  pressures,  which  may 
be  found  by  the  formula  already  given  at  page  DO. 

/4000  X  A 

B  =  \f    ~~  P  

It  may  be  remarked  that  the  centres  of  stays  in  locomotive 
fireboxes  aro  seldom  determined  by  the  thickness  of  metal  or 
pressure,  4"  centres  being  tho  general  rule  fur  firebox  staying, 
whether  the  pressure  be  100  lbs.  or  180  lbs.,  or  the  plates  bo 
or  Tho  centres  in  this  case  aro  determined  chiefly 

by  tho  capability  of  the  copper  plates  in  the  furnace  to  resist 
bulging  when  they  become  over-heated,  which  often  happens, 
especially  when  the  water  is  bad. 

Tho  above  experiments  of  Fairbairn  were  made  on  plates  and 
stays  at  an  ordinary  atmospheric  temperature,  and  cannot 
therefore  be  taken  as  a  standard  for  the  strength  of  copper 
plates  in  a  firebox.  In  treating  of  the  properties  of  copper,  it 
was  stated  that  its  strength  diminished  rapidly  with  an  increase 
of  temperature,  some  experiments  having  shown  that  25  per  cent, 
of  its  tensile  strength  was  lost  at  a  temperature  of  500°.  When 
the  water  is  very  bad,  there  can  be  no  doubt  that  the  tem- 
perature of  the  plates  rises  considerably  above  this.  This  cir- 
cumstance accounts  for  f "  and  i"  copper  plates  stayed  at  4* 
centres  sometimes  failing  after  two  or  three  years'  work,  under 
a  pressure  of  from  100  lbs.  to  140  lbs.     The  character  of  tho 
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failure  varies  in  an  unaccountable  manner  ;  sometimes  the  plates 
are  rent  for  a  considerable  length  in  a  straight  line  between  two 
rows  of  stays,  and  in  some  cases,  especially  when  the  stays  are 
wider  apart  than  usual,  or  about  6",  the  bulged  plate  gives  way 
at  its  apex,  the  course  of  the  rent  being  diagonal  to  the  stays. 
The  position,  also,  of  the  rupture  varies  in  different  case3. 
Frequently  the  crown  plate  gives  way  first,  which  may  be 
accounted  for  by  the  deposit  from  the  water  settling  on  this 
plate.  When  the  water  is  very  bad,  the  partial  choking  up  of 
the  side  and  end  water  spaces,  particularly  when  they  are 
cramped,  impedes  the  free  ebullition  of  the  water,  and  overheat- 
ing, as  in  the  other  case,  ensues. 

The  flat  crowns  of  locomotive  and  portable  boiler  fireboxes, 
and  of  combustion  chambers,  are  not  usually  directly  stayed  to 
the  outer  shell,  like  the  ends  and  sides  of  the  fire-boxes,  but 
are  strengthened  by  stay  bolts  and  nuts  suspended  from  wrought- 
iron  girder  stays,  which  should  be  bedded  firmly  on  the  tops  of 
the  end  or  side  plates,  but  by  preference  on  the  former.  These 
girder  stays  are  either  forged  solid,  or  they  are  made  of  two 
plates,  with  a  space  between,  for  the  bolts,  and  are  riveted 
together  at  the  ends.  To  avoid  having  an  undue  thickness  of 
metal,  as  well  as  to  preserve  a  water  way  for  circulation,  aud 
cleaning  out,  a  clear  space  of  at  least  1|  inch  should  be  left 
between  the  roof  plate  and  girder  stay.  In  order  to  enable  the 
stay  bolt  to  be  tightly  screwed  up,  without  bending  the  plate, 
it  is  the  usual  practice  to  insert  ferrules  between  the  plate  and 
stay.  Another  plan  is  to  forge  projections  on  to  the  solid  stay 
bottom,  which  serve  as  distance  pieces,  and  into  which  the  stay 
bolts  are  tapped  from  the  under  side.  Both  these  methods  act 
also  with  advantage  in  imparting  great  strength  and  stiffness  to 
the  whole.  The  plate  is  thus  made  to  act  as  a  bottom  flange 
to  the  girder,  and  is  fixed  at  the  ends,  whilst  the  web  is  merely 
supported  at  both  ends.  The  girder  is  therefore  of  a  compound 
type.  For  want  of  sufficient  experimental  data  from  which  to 
deduce  a  rule  for  the  strength  and  stiffness  of  this  arrangement, 
we  must  confine  our  attention  to  the  strength  of  the  stay  itself, 
using  a  smaller  factor  of  safety  in  consequence  of  the  strength 
imparted  by  the  bottom  flange.  The  stay  may  then  be  taken 
as  a  beam,  uniformly  loaded,  and  supported  at  both  ends.  Its 
strength  can  therefore  be  determined  by  the  usual  formula, 

cb<& 
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Whero  W  =  distributed  weiglit,  =  pressure  x  distance  be- 
tween girders  X  length  of  spau  =  p  x  S  X  I 
I  zz  length  of  spau  in  inches, 
c  =  modulus  of  rupture  =  54000. 
b  =  broad tli  in  inchos. 
d  =z  depth    ,,  ,, 
p  =  pressuro  in  lbs.  per  square  inch. 

The  length  of  span  being  given  as  well  as  tho  pressure  and 
width  between  girders,  tho  breadth  and  depth  are  tho  unknown 
quantities  usually  required.  The  breadth  varies  from  J  to  } 
tho  depth,  and  may  bo  taken  at  Jth,  which  U  about  the  average. 
Taking  tho  factor  of  safety  at  about  3,  tho  formula  for  tho 
depth  becomes 


In  girder  stays  of  long  span  one-fourth  tho  depth  will  bo 
found  too  much  for  the  thickness,  and  may  be  made  one- fifth, 
the  depth  being  increased  to  correspond. 

As  wrought- iron  bars  under  a  transverse  strain  deflect  con- 
siderably before  they  break,  the  useful  strength  of  wrought-iron 
girder  stays  must  be  estimated  by  the  amount  of  deflection  it  is 
safe  or  expedient  to  allow,  and  not  by  their  actual  breaking 
weight.  It  has  been  found  that  in  bars,  whoso  depth  is  not 
less  than  about  one-tenth  their  length,  tho  deflection  duo  to  a 
load  less  than  that  required  to  overcome  the  limit  of  elasticity, 
or  about  one-third  tho  breaking  weight,  is  trifling,  and  when  the 
strength  is  proportioned  accordingly  the  bar  may  be  regarded  as 
sufficiently  stiff. 

When  a  girder  stay  of  known  proportions  has  been  found  to 
answer  under  a  certain  pressuro,  it  is  sometimes  useful  to  know 
how  its  stiffness  is  afTected  by  the  alteration  of  pressure,  or  of 
its  proportions.  The  conditions  of  stiffness  are  shown  by  tho 
following  formula  : 


I  =z  length  of  beam,  b  =z  breadth,  and  d  =  depth, 
c  =  a  constant  quality,  and  8  =z  deflection. 

From  this  it  is  seen  that  the  deflection  of  a  beam  is  directly 
as  the  weight  and  cube  of  the  length,  and  inversely  as  tho 
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breadth  and  cube  of  the  depth.  In  order  to  preserve  the  same 
stiffness,  the  depth  must  be  increased  in  the  same  proportion  as 
the  length,  the  breadth  remaining  constant.  With  a  constant 
depth  the  stiffness  will  remain  unaltered  when  the  breadth  is 
as  the  cube  of  the  length,  or  when  6*  is  as  I. 

The  usual  method  of  staying  firebox  crowns  by  girder  stays 
has  the  disadvantage  of  causing  half  the  load  on  the  crown  plate 
to  be  concentrated  upon  a  few  portions  of  the  end  plates.  With 
a  large  firebox  this  load  is  frequently  more  than  that  required 
to  crush  the  copper  and  produce  distortion  of  the  tube  holes. 
In  order  to  avoid  this  and  the  great  size  of  the  stay,  necessary 
in  very  long  fireboxes,  if  arranged  longitudinally,  the  girder 
stays  are  sometimes  arranged  transversely.  In  whichever  man- 
ner these  stays  are  placed,  too  great  care  cannot  be  taken  to 
make  them  sufficiently  long,  and  to  bed  them  firmly  and  evenly 
on  the  end  or  side  plates,  in  order  that  the  weight  may  come 
directly  on  to  these,  and  be  carried  by  the  foundation  ring  of 
the  firebox  instead  of  by  the  roof  plate,  which  is  sometimes  the 
case  when  the  censurable  plan  is  adopted  of  not  letting  the 
girder  stay  ends  project  past  the  ends  or  sides,  but  merely  to 
rest  on  the  crown  plate,  thus  throwing  the  weight  on  the 
joints,  or  portion  of  the  roof  that  is  ill  calculated  to  bear  the 
strain. 

In  order  to  relieve  the  foundation  ring  of  the  great  strain 
that  would  otherwise  be  thrown  upon  it,  some  of  the  girder 
stays  are  usually  secured  to  the  outer  shell  crown  by  sling  stays 
attached  to  angle  or  T  irons. 

A  plan  of  arranging  the  girder  stays,  adopted  to  a  consider- 
able extent  on  the  continent,  is  to  carry  them  right  across  the 
firebox  crown,  and  secure  them  firmly  to  the  outside  shell 
sides,  which  must  be  carried  sufficiently  high  to  admit  of  this 
arrangement.  The  formula  for  calculating  the  strength  of 
these  stays  is  that  for  beams  uniformly  loaded  and  fixed  at  both 
ends. 

Another  arrangement  is  to  fix  the  girder  stays  in  a  longitu- 
dinal direction  to  the  outer  shell  crown.  In  this  case  the  stays 
usually  consist  of  plates  secured  by  angle  irons  to  the  shell, 
with  double-angle  irons  below,  to  which  the  firebox  crown  is 
stayed  by  bolts  in  the  usual  manner.  This  and  most  of  the 
arrangements  of  girder  staying  interfere  greatly  with  the  wash- 
ing out  and  cleaning  of  the  crown,  which  rapidly  wears  out  in 
consequence.  In  order  to  obviate  this  defect,  and  at  the  same 
time  to  get  rid  of  the  cumbrous  weight  and  mass  of  these  heavy 
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stays  the  practice  is  becoming  now  more  general  of  staying  the  fire* 
box  crown  to  the  outer  Bhell  like  the  hides  and  ends.  The 
outer  shell  crown  plate  is  in  some  such  cases  made  flat,  which 
renders  the  attachment  of  the  stays  more  easy,  and  allows  the 
outside  plate  to  spring,  and  so  accommodate  itself  to  the  ex- 
pansion and  contraction  of  the  firebox,  to  which  it  is  now 
rigidly  attached.  Where  the  outer  shell  is  circular  the  btaya 
require  to  be  arranged  to  allow  sufficient  play  at  the  ends  of 
the  inside  crown  for  the  vertical  expansion  and  contraction  of 
the  side  and  end  plates. 

In  order  to  preserve  the  cylindrical  form,  the  tubes  in  the 
best  made  Cornish  and  Lancashire  builers  are  welded  at  the 
longitudinal  joints  when  made  of  irun.  In  using  steel  and 
where  the  workmanship  of  the  welding  cannot  be  relied  upon 
in  iron  tubes,  butt  joints  with  strips  on  the  water  side  should 
be  used.  These  longitudinal  seams  in  the  furnace  plates 
should  in  all  cases  bo  kept  below  the  lire  bars,  whether  the 
joint  be  lap,  butt,  or  welded.  Steel  tubes  are  usually  con- 
sidered stronger  than  iron  in  the  ratio  of  G  :  5.  The  usual 
means  of  strengthening  furnace  tubes  by  dividing  them  into 
short  lengths  is  to  join  each  belt,  or  every  second  or  third  belt, 
according  to  the  strength  required  by  T-iron  rings,  "  Adainson  M 
ring  seams,  or  "  Bowling  *'  hoops. 

In  using  tho  first  method  (fig.  15)  which  imparts  great  (some- 
times too  great)  rigidity  to  the  tubo,  the  flange  in  contact  with 
the  tubes  should  not  exceed  tho  thickness  of  the  plate,  or  say 
i"  as  a  rule,  but  tho  perpendicular  flange  may  be  made  stronger. 
By  making  tho  successive  belts  of  plate  to  butt  closely 
together,  a  practice  which  is  still  sometimes  stupidly  adopted, 
too  great  rigidity  is  imparted  to  tho  tube,  and  grooving  on  tho 
water  side  at  tho  edge  of  tho  "["-iron  flanges  is  sure  to  follow. 
Owing  to  tho  difficulty  of  effectually  caulking  such  a  joiut, 
either  in  a  single  or  Mil  15 

two-flued  boiler,  when 
a  leakage  occurs  at  the 
water  spaces,  it  cannot 
be  stopped,  and  the 
tube  must  be  even- 
tually  replaced  by  one  t — 
of  better  design.  In 
order  to  ease  the  tube, 

and  to  allow  of  efficient  caulking  at  any  time,  which  can  bo 
done  all  round  the  tube  on  the  lire  side,  a  clear  space  of  at 
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least  1"  between  the  plates  should  always  be  allowed,  as  shown 
in  fig.  1 5.  This  also  lessens  the  liability  to  overheat  at  the 
«eam  by  keeping  down  the  thickness  of  material.  To  make 
a  good  job  by  this  mode  of  strengthening,  accurate  workman- 
ship is  required,  as  the  two  lengths  of  tube  which  are  embraced 
by  the  same  ring  should  be  of  exactly  the  same  diameter,  or 
the  joint  will  give  trouble. 

A  better  means,  however,  of  strengthening  than  the  above 
is  the  Adamson  or  Hanged  seam  (fig.  16),  which  has  long  been 
used  with  success.     It  necessitates 
^o*  16#  the  use  of  good  iron  in  the  first 

place  to  ensure  sound  flanging, 
which  is,  however,  sometimes  nob 
skilfully  done,  and  the  plates  are 
seriously  reduced  in  thickness  at 
m"  the  edge.  In  many  boiler  works 
this  flanging  is  economically  done 
by  suitable  machinery  in  one  or  two  heats,  which  ensures  a 
better  job  being  made,  and  distresses  the  plate  less  than 
the  repeated  heating  with  the  common  method,  an  advan- 
tage of  vital  importance  when  steel  is  the  material  to  be 
operated  upon.  The  strip  of  plate  between  the  flanges  is 
used  rather  to  admit  of  sound  caulking  from  the  fire  side,  than 
to  add  strength.  The  root  of  the  flange  should  not  have  too 
small  a  radius,  say  not  less  than  J-"  in  the  inside,  or  the  plate 
will  be  liable  to  become  grooved  on  the  crown  by  the  alternate 
expansion  and  contraction,  the  allowance  of  which  is  one  of  the 
advantages  claimed  for  this  seam.  The  grooving  of  the  flange, 
which  frequently  takes  place,  especially  at  the  end  attachment, 
is  easily  repaired  by  riveting  over  it  a  piece  of  thin  plate.  Not 
the  least  important  advantage  in  this  seam  is  that  it  keeps  all 
the  rivet  heads  and  plate  edges  away  from  the  fire,  which 
renders  it  eminently  suitable  for  a  furnace  joint.  The  pressure 
inside  the  boiler  also  tends  to  keep  the  joint  closed.  When 
any  defect  requiring  repairs  occurs  at  the  joints,  either  to  the 
plates  or  rivets,  in  the  narrow  water  spaces  at  the  sides  of  or 
between  the  tubes  in  Lancashire  boilers,  or  at  the  bottom 
of  Cornish  boilers,  the  inaccessible  position  renders  repairing 
very  difficult. 

The  bowling  hoop  (fig.  17)  in  iron  or  steel  is  of  more  recent 
date,  and  has  not  been  so  largely  applied  as  the  other  two 
methods.  Its  shape  precludes  the  objection  of  too  great  rigidity, 
but  like  the  T-iron  hoop,  it  has  the  disadvantage,  when  used 
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to  connect  tho  furnace  plates,  of  placing  a  joint,  along  with  a 
double  thickness  of  plate  in  tho  fire. 

Fig.  17. 


Another  method  of  strengthening  tubes  consists  in  m  iking 
the  contiguous  belts  that  make  up  tho  tube  of  two  different  sizes. 
Tho  ends  of  tho  smaller  belts  are  flanged  to  a  ~]_  shape  to  re- 
ceive tho  larger  lengths,  and  theso  flanges  impart  strength  to 
tho  tube. 

It  has  also  been  proposed  to  strengthen  tubes  by  making 
them  of  corrugated  plates,  the  corrugations  running  at  right- 
angles  to  tho  axis  of  tho  tube. 

In  many  socond-rato  boiler  works,  instead  of  using  any  of 
the  abovo  means  for  strengthening  tho  tubes,  it  is  a  common 
practice  to  apply  one  or  more  welded  or  jointed  T  or  angle  iron 
hoops  (figs.  18  and  10),  secured  to  the  tube  plates  by  rivets, 
which  should  not  bo  moro  thau  6"  centres  apart. 


Fig.  13. 


Fig.  19. 


In  order  to  avoid  overheating  by  having  an  undue  thick- 
ness of  metal,  about  an  inch  water  space  is  maintained  between 
the  hoop  and  the  tube  by  means  of  ferrules,  as  shown.  As 
these  have  no  duty  but  to  act  as  distance  pieces  they  are  best 
made  very  light,  and  everything  should  be  done  to  keep  the 
space  as  clear  as  clear  as  possible  to  avoid  overheating.  With  this 
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object  in  view,  T  iron  hoops  should  never  be  employed.  Tlieii 
extra  strength  is  totally  unnecessary,  and  their  increased  width 
acts  injuriously  in  preventing  the  escape  of  the  steam  from  the 
tube  surface,  and  in  harbouring  the  incrustation  and  deposit  to 
a  greater  extent  than  the  narrower  L  iron  flange.  The  usual 
size  of  angle  is  from  3"  X3"  to  2j"  x  x  i".  A  section  of 
3"  X  2 1"  X  i"  might,  however,  be  used  with  advantage.  This 
would  be  found  quite  strong  enough,  and  much  lighter  than 
the  sections  usually  employed. 

These  strengthening  rings  are  frequently  found  riveted  to  the 
body  of  the  plate,  without  any  water  spaces  at  all,  or  with  the 
water  space  so  small  as  to  be  practically  worthless,  the  circu- 
lation of  the  water  and  removal  of  the  accumulated  dirt  being 
entirely  prevented.  The  result  of  this  practice  is  overheating, 
the  effects  of  which  are  unmistakably  exhibited  in  cracked 
rivet-holes  and  consequent  leakage  and  corrosion. 

It  frequently  happens  that  strengthening  hoops  require  to 
be  added  to  boilers  already  in  use,  or  after  their  construction 
is  completed.  In  such  cases  angle  irons  should  be  used,  and  in 
order  to  get  them  through  the  manhole  they  require  to  be  made 
in  halves.  In  putting  these  round  the  tubes  their  ends  should  be 
carefully  butted  together,  and  secured  by  double  fish-plates, 
with  at  least  two  rivets  at  each  side  of  the  butt.  They  can 
then  be  secured  to  the  tubes  with  rivets  passed  through  light 
ferrules,  about  one  inch  deep,  and  at  not  more  than  6"  centres. 
In  Lancashire  boilers,  with  very  narrow  middle  and  side  water 
spaces,  the  perpendicular  flange  often  requires  to  be  cut  away 
to  clear  the  shell  or  the  other  tube,  and  care  should  be  taken 
that  it  clears  properly  when  put  on  and  when  the  boiler  is  at 
work,  and  also  that  the  incrustation  does  not  effectually  bind  it 
to  the  shell  after  working  some  time.  The  corresponding  hoops 
on  the  flues  of  Lancashire  boilers  should  be  placed  two  or  three 
inches  clear  of  each  other.  When  these  hoops  come  in  contact 
with  the  shell  or  with  each  other,  they  interfere  with  the  free 
action  of  the  tubes,  which  frequently  leads  to  leakage,  fractured 
rivet  holes,  and  started  seams. 

There  can  be  no  doubt  that  the  "Adamson  "  seam  is  the  only 
one  whose  principle  recommends  it  for  the  furnace  end  of  a 
tube  where  the  joint  is  unavoidably  exposed  to  the  action  of 
the  fire,  and  it  should  be  applied  in  all  new  boilers  to  the  furnace, 
whether  the  collapsing  strength  of  the  tube  requires  it  or  not. 
However  liable  to  cause  slight  overheating  the  angle  iron  hoop 
may  be,  it  should  nevertheless  be  applied  round  the  furnace, 
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to  all  unstreugthened  tubes  in  use,  as  a  precaution  against  a 
collapse  on  a  largo  scalo,  in  tho  event  of  the  furnace  crown 
becoming  overheated. 

Cylindrical,  conical,  oval,  and  rectangular  water-tubes  are 
often  used  as  a  means  of  strengthening  boiler  Hue  tubes  of  both 
cylindrical  and  elliptical  section.  Where  the  side  and  middle 
water  spaces  are  very  small  in  Lancashire  boilers,  these  water 
tubes  are  preferable  to  encircling  hoops,  as  they  offer  at  the 
samo  time  one  of  the  best  means  of  improving  the  general 
circulation  of  the  water  in  tho  boiler,  which  is  always  defective 
when  tho  water  spaces  are  less  than  4",  even  with  a  clean 
shell.  To  facilitate  their  application  to  boilers  in  use  water 
tubes  are  sometimes  with  advantage  fixed  in  a  sloping  direc- 
tion foro  and  aft  in  the  tube.  The  Galloway  tube,  however, 
oilers  the  greatest  facilities  of  application,  besides  being  the 
best  in  shape  for  promoting  the  circulation. 

Where  several  water  tubes  are  applied  as  means  of  strength- 
ening a  cylindrical  Hue  tube,  they  should  be  arranged  vertically, 
aud  inclined  sideways  to  break  joint,  but  never  quite  hori- 
zontally, or  in  one  lino  from  end  to  end.  When  water  tubes 
aro  used  behind  the  bridge,  the  furnace  itself,  when  cylindrical, 
should  still  be  strengthened  by  an  encircling  hoop,  to  prevent 
a  serious  collapse,  as  already  observed.  The  ends  of  water- 
tubes  should  always  bo  flanged  for  new  boilers.  Angle  irons 
only  add  to  the  risk  of  leakage,  but  may  in  some  cases  bo  used 
with  advantage  in  old  boilers,  as  they  facilitate  the  application 
of  tho  tube.  Some  boiler-makers  weld-in  their  water- tubes 
to  avoid  leakage  from  joints  or  rivets.  No  doubt  the  motive 
is  good,  but  when  tho  tubo  requires  cutting  out  for  replacing, 
the  welded  part  also  generally  requires  to  be  removed,  and 
causes  a  very  large  hole  to  bo  made  in  the  flue  tube. 

Water  pockets  in  tho  sides  of  the  flue  tubes  aro  also  em- 
ployed to  a  considerable  extent,  instead  of  water  tubes  passing 
through  the  centre.  They  certainly  have  tho  advantage  of 
allowing  a  freer  passage  along  the  tube  for  cleaning  and  ex- 
amination than  ordinary  5"  or  0"  water  tubes,  which  are  often 
injudiciously  appliod  only  three  or  four  feet  apart  to  tube3  of 
even  less  than  2'  3"  diameter,  and  prevent  the  passage  of  any 
but  a  very  small  adult  ;  the  cleaning  in  consequence  becomes 
neglected,  and  the  reduction  in  the  evaporative  speed  and 
economy  of  the  boiler  inevitably  follows. 


CHAPTER  VII. 

BOILER  MOUNTINGS,  ETC. 

The  subject  of  boiler  mountings  may  be  fitly  introduced  by 
a  few  remarks  on  their  proper  mode  of  attachment,  which  is 
too  often  overlooked. 

The  first  object  to  be  sought  is  a  good  joint,  which  will 
ensure  freedom  from  leakage,  and  its  accompanying  evils.  At 
the  flat  ends  and  flat  surfaces,  which  can  be  readily  dressed  up 
to  form  a  good  face  there  need  be  no  difficulty  in  making  a  tight 
cement  joint,  by  bolting  the  mountings  directly  on  to  the  plate, 
provided  that  the  plate  is  not  liable  to  bulge  by  the  pressure, 
and  the  flange  to  be  bolted  is  not  too  thin,  and  the  studs  or 
bolts  are  not  too  few  and  far  between,  and  not  too  small  to 
admit  of  the  nuts  being  tightly  screwed  up.  The  proportion 
between  the  stiffness  of  the  flange  and  the  number  and  size  of 
bolts  employed  is  a  simple  consideration  too  frequently  not 
sufficiently  considered. 

On  a  curved  surface,  however,  like  a  boiler-barrel,  or  hemi- 
spherical end  or  dome  crown,  an  ordinary  cement  joint  with 
bolt  studs  cannot  be  depended  upon  for  tightness.  In  all  such 
cases  the  mounting  should  be  attached  to  a  seating  securely 
riveted  to  the  plate.  This  seating  may  be  suitably  made  of 
cast  iron,  from  a  pattern  tried  on  to  the  curved  surface.  When 
the  aperture  in  the  plate  is  not  of  the  roughest  description,  a 
good  joint  with  the  plate  can  be  ensured  by  caulking  from  the 
inside.  But  in  order  to  provide  against  any  uncertainty  in  the 
fit  of  the  casting,  and  to  enable  the  joint  to  be  caulked  on  the 
outside,  it  is  sometimes  recommended  to  interpose  a  layer  of 
sheet  iron  about  ■§■"  thick  between  the  casting  and  the  plate. 
With  careful  workmanship  and  ordinary  skill  this  refinement 
is  not  necessary. 

In  certain  cases  seatings  of  wrought-iron,  brass,  or  cast- 
copper,  admitting  of  caulking  inside  and  out,  are  applied  with 
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advantage.  The  surfaco  of  the  seating,  which  receives  the 
mounting,  being  flat  in  all  cases,  can  be  truly  faced  and  a  per- 
fectly tight  joint  insured. 

Tho  form  of  the  seating  admits  of  some  little  variety,  and 
may  bo  left  to  individual  tasto  and  judgment. 

Tho  application  of  riveted  Beatings  is  rendered  doubly  neces- 
sary when  tho  attachment  to  the  plates  is  concealed  from  view 
by  brickwork  or  other  covering.  Yet  they  are  often  objected 
to  on  tho  score  of  expense.  Tho  outlay,  however,  in  many 
casos  would  be  far  better  applied  iu  providing  suitable  seatiugs 
than  in  attaching  a  dome,  which  in  tho  great  majority  of  cases 
is  an  useless  and  cumbersome  appendage. 

AVhore  tho  mounting  is  attached  once  for  all,  there  need 
be  no  difficulty  iu  making  a  faced  joint  tight  with  a  thin  film 
of  cement.  But  in  cases  where  the  joint  is  periodically  broken 
and  remade,  as,  for  instance,  at  tho  manhole,  tho  faces  aio 
liable  to  become  uneven  from  rough  usage,  and  the  perfect 
tightness  is  no  longer  easily  obtained.  Cement  being  no 
longer  proof  against  leakage,  resort  must  be  had  to  cord, 
india-rubber,  copper  wire,  or  what  is  sometimes  found  to 
answer  better  than  anything  with  rough  faces,  namely  a  piece 
of  or  ^"  lead  pipe  carefully  arranged,  with  the  ends  over- 
lapping within  tho  circlo  of  bolts.  An  excellent  plan  of 
making  a  tight  joint  is  to  cut  a  semi- circular  ]-inch  groove 
in  each  of  the  two  faces,  into  which  a  copper  wire  is 
inserted,  with  tho  ends  brazed  together,  and  sufficiently  thick 
to  keep  the  faces  from  closo  contact  when  tho  joint  is  sere  wed 
up.  The  faces  of  manhole  and  mudholo-nmuthpieces  are  often 
destroyed  by  attempts  to  wedge  off  tho  covers  when  these  are 
difficult  of  removal.  The  reckless  insertion  of  chisel*,  Arc., 
may  be  avoided  by  providing  two  tap-bolts  at  opposite  point* 
in  tho  cover.  On  screwing  these  up  against  tho  face  of  tho 
■eating  the  cover  is  gently  but  irresistibly  removed. 

THE  FEED  APPARATUS. 

Every  boiler  should  be  provided  with  its  own  independent 
feed  back  pressure  valve.  In  too  many  cases  reliance  is 
placed  upon  the  pump  valves  and  the  check  valve,  fitted  to 
some  injectors  for  preventing  the  water  being  forced  back  out 
of  the  boiler  by  the  steam  pressure.  Now,  in  the  case  of  a 
single  boiler  the  pump  valves  may  be  considered  as  a  sufficient 
safeguard  against  the  loss  of  water  by  the  way  it  entered,  if 
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there  be  no  way  of  escape  between  the  boiler  and  the  pump. 
But  it  so  frequently  happens,  during  the  life  of  a  boiler,  that 
branches  are  added  to  the  feed  delivery  pipe  terminating  in  a 
stop  valve,  or  tap,  which  requires  to  be  closed  and  opened  by 
hand,  whereby  a  great  risk  of  emptying  the  boiler  is  incurred, 
that  it  is  advisable  to  fit  a  check  valve  to  every  new  boiler  in  the 
first  instance.  With  respect  to  the  check  valve  on  a  Giffard's 
injector,  its  action  cannot  be  depended  upon,  as  it  is  usually 
inverted,  or,  at  the  best,  placed  horizontally.  Boiler  feed  check 
valves  should  never  be  placed  horizontally,  as,  when  the  closing  of 
the  valve  is  not  assisted  by  its  own  weight,  the  back  pressure 
of  water  from  the  boiler  often  fails  to  make  it  act. 

When  two  or  more  boilers  are  fed  from  the  same  pump,  it 
is  necessary  that  each  should  be  furnished  with  a  back  pressure 
valve.  The  system,  but  too  common,  of  providing  each  boiler 
merely  with  a  stop  valve  for  regulating  the  feed  has  led  to 
numerous  explosions,  from  the  water  being  syphoned  out  of 
one  boiler  into  the  other.  The  presence  of  a  stop  valve  between 
the  pump  and  boiler  should  always  be  accompanied  by  a  relief 
valve,  to  prevent  risk  of  bursting  the  delivery  pipe  by  closing 
the  stop  valve  with  the  pump  at  work. 

There  are  two  descriptions  of  feed  back  pressure  valves  in 
general  use,  viz.  :  ball  clacks,  and  mitre  valves  with  feather 
guides.  The  casing  may  be  made  of  cast  iron,  but  the  valve 
seat  and  lid  must  be  of  brass,  or  rather  gun-metal.  Ball  valves 
are  usually  employed  in  locomotives,  as  they  act  more  freely, 
are  less  prone  to  stick  fast,  require  less  frequent  renewal,  and 
are  generally  more  suitable  for  the  high  speed  of  pump  attained 
in  locomotive  working.  Mitre  valves  are  also  sometimes  used 
for  locomotives,  especially  with  injectors,  and  nearly  always  for 
stationary  boilers,  where  they  are  readily  adapted  to  act  also  as 
stop  valves,  by  having  a  spindle  made  to  screw  down  on  the 
valve  lid,  by  which  the  amount  of  lift  can  be  regulated.  A 
common  but  dangerous  practice  is  to  have  this  spindle  attached 
to  the  valve.  By  this  arrangement  its  closing  can  be  pre- 
vented, and  it  is  thereby  rendered  non-self-acting  and  useless 
for  a  back  pressure  valve. 

Two  common  defects  met  with  in  the  design  of  back  pres- 
sure valves  are,  1,  the  allowance  of  too  much  lift,  which  quickly 
brings  about  the  destruction  of  the  valve  and  seat,  so  far  as 
tightness  is  concerned,  by  the  hammering  action  they  undergo, 
especially  with  a  quick  stroke  pump.  2.  The  delivery  branch 
to  the  boiler  is  often  not  kept  sufficiently  high  above  the  valve, 
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and  tho  chamber  above  the  valve  ia  not  made  sufficiently  large 
This,  causing  tho  back  pressure  to  act  on  tho  side  of  the  valve, 
instead  of  on  the  top,  leads  to  tho  unequal  wear  of  the  scat,  if 
it  does  not  actually  prevent  the  valve  from  closing  properly. 
These  two  defects,  which  often  escape  detection,  have  been  the 
cause  of  endless  trouble  in  keeping  these  valves  tight.  One 
quarter-inch  left  is  as  much  as  any  valve  should  have,  and  in 
many  cases  Yn6"  lift  should  not  be  exceeded.  The  average  r  ite 
of  How  through  the  valve  is  400  feet  per  minute,  and  should 
not  exceed  GOO  feet.  In  order  to  diminish  the  blow  on  the 
valve,  an  air  vessel  is  sometimes  added,  and  also  a  valve  for 
the  admission  of  air  on  tho  suction  side  of  the  pump.  To  save 
the  pipe  from  bursting,  it  is  obvious  that  the  size  and  lift  of 
the  pump  valves  should  be  governed  by  those  of  the  check 
valve. 

A  great  diversity  of  opinion  exists  respecting  tho  best  position 
for  the  introduction  of  the  feed  water.  The  usual  practice  is 
to  admit  it  near  the  bottom  in  all  kinds  of  boilers.  Whether 
this  is  theoretically  correct  with  a  view  of  obtaining  the  maxi- 
mum evaporative  efficiency  depends  upon  tho  description  and 
arrangement  of  heating  surface.  There  are,  however,  practical 
considerations  which  completely  overrule  any  supposed  or  actual 
saving  of  fuel  to  be  derived  from  introducing  the  feed  at  the 
lowest  point  of  the  boiler.  When  the  water  enters  at  a  very 
high  temperature  the  results  obtained  from  difference  of  posi- 
tion will  of  courso  be  less  marked. 

In  externally  fired  boilers  the  usual  plan  is  to  carry  the  feed 
pipe  from  the  crown  down  to  within  a  few  inches  of  the  boiler 
bottom,  which  receives  the  impact  of  tho  cold  water.  The 
natural  tendency  of  this  mode  of  delivery  is  to  lower  the  tem- 
perature of  the  plates  in  the  vicinity  of  tho  feed  pipe  orifice 
every  time  the  water  enters,  thus  increasing  unnecessarily  the 
wear  and  tear  of  tho  boiler.  When  the  feed  is  not  heated,  and 
tho  plates  on  to  which  it  is  delivered  are  exposed  to  a  high 
temperature,  this  practice  is  simply  dangerous,  and  is  one  of  the 
most  frequent  causes  of  transverse  seam  rips.  Even  with  feed 
water  at  a  high  temperature,  say  250°,  the  difference  between 
this  and  the  temperature  of  the  plates  may  still  be  very  great. 

When  the  pipe  is  cut  short,  say  two  feet  from  the  bottom, 
the  injurious  effect  of  the  entering  water  is  no  doubt  diminished* 
but,  even  in  this  case,  when  the  supply,  sufficient  to  serve  half- 
a-dozen  boilers,  is  concentrated  for  a  time  on  a  single  boiler, 
the  water  must  be  injected  with  great  force  upon  the  plate 
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beneath.  A  plan  frequently  adopted  to  prevent  the  cooling 
effect  on  the  plates  is  to  fix  a  vessel  under  the  mouth  of  the 
pipe  to  receive  the  feed.  By  this  means  the  water  is  also  better 
distributed,  as  it  overflows  by  displacement  from  the  sides  of 
the  vessel.  With  some  waters  this  vessel  may  be  made  to  act 
usefully  as  a  sediment  collector. 

In  Cornish,  Lancashire  and  similar  toilers,  the  feed  is  usually 
delivered  near  the  bottom,  either  through  an  aperture  in  the 
front  end  plate,  or  through  a  vertical  pipe  from  the  crown,  or 
by  the  bottom  blow-out  pipe.  This  practice  appears  to  be  due 
to  the  prevalent  opinion  that  by  delivering  the  cold  feed  at  a 
high  point  in  the  boiler  the  furnace  crown  seams  are  liable  to 
be  started,  and  that  the  cold  water  should  be  admitted  as  far 
below  the  steam  as  possible,  to  prevent  any  condensing  effect  it 
might  produce.  In  multi-tubular  boilers  of  the  locomotive 
type,  the  feed  is  admitted  at  various  points  in  the  firebox 
and  barrel  according  to  the  practice  prevailing  in  different 
localities. 

Now,  in  most  internally- fired  tubular  boilers  there  is  a  con- 
siderable amount  of  dead  water  at  the  bottom  which  remains 
comparatively  cold  long  after  steam  is  being  formed  above  where 
the  heat  is  greatest,  and  it  seems  opposed  to  common  sense  to 
prolong  the  existence  or  increase  the  quantity  of  this  dead  water 
by  admitting  the  cold  feed  at  the  bottom,  where  it  has  a  ten- 
dency to  remain.  By  introducing  it  at  a  higher  point  in  the 
boiler,  the  comparatively  cold  water  naturally  tends  to  descend, 
in  consequence  of  its  superior  gravity,  and  promotes  the  circula- 
tion by  displacement.  In  its  descent,  which  may  be  retarded 
by  the  circulation,  the  water  becomes  heated,  and  thus  tends  to 
equalise  the  temperature  above  and  below,  and  thereby  lessens 
the  inequality  between  the  temperatures  of  the  top  and  bottom 
of  the  shell,  which  is  so  destructive  to  the  boiler. 

Another  circumstance  in  connection  with  this  matter,  which 
is  too  often  lost  sight  of,  is  the  importance  of  preventing  as  much 
of  the  water  as  possible  from  being  forced  back  through  the 
feed  inlet,  in  the  event  of  the  back  pressure  valve  not  acting 
properly — by  no  means  a  rare  occurrence  brought  about 
by  defective  condition,  or  by  the  obstruction  caused  by  chips 
or  pieces  of  incrustation  lodging  on  the  valve  seat.  This 
consideration  alone  should  go  far  to  determine  the  best  point 
for  the  feed  delivery,  and  consequently  in  the  best  boiler  practice 
the  feed  apparatus  is  arranged  to  deliver  an  inch  or  two  below 
the  lowest  water  level.    By  this  arrangement  the  furnace  crowns 
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of  internally  firod  boilers,  and  tho  hot  Hide  plates  of  externally 
fired  boilers,  aro  not  liable  to  bo  suddenly  drained  dry  in  tho 
event  of  tho  feed-check-valvo  becoming  inoperative.     In  order 

i  to  guard  against  any  risk  of  starting  the  furnace-tube  seams  of 
internally  tired  boilers,  the  feed  should  be  admitted  through  a 

:  horizontal  perforated  pipe,  having  the  end  closed,  from  four  to 
eight  feet  long,  placed  just  below  tho  lowest  water  level.  By 
this  means  the  water  is  well  distributed,  and  can  have  no 

j  sensible  effect  in  contracting  tho  plates.  By  making  the  internal 
feed-pipe  of  considerable  length,  an  opportunity  is  afforded  of 
raising  the  temperature  of  the  entering  water  before  it  mixes 
with  tho  water  in  tho  boiler. 

In  using  feed  water  containing  much  bicarbonate  of  lime  in 
solution,  the  elevation  of  temperature  causes  such  a  rapid  pre* 
cipitation  of  tho  limo  salts,  that  tho  perforations  become  rapidly 
choked  up,  which  leads  to  serious  inconvenience.  With  water 
of  this  description,  it  is  advisable  to  use  a  short  internal  pipe, 
only  a  few  inches  in  length,  ending  in  an  open  trough,  or  pipe 
of  larger  diameter  with  the  upper  side  cut  away.     The  distri- 

i  bution  of  the  water  is  by  this  means  still  maintained,  whilst  the 
liability  to  choke  up  is  to  a  great  extent  removed. 

In  tho  locomotive  class  of  boiler  it  is  difficult  to  apply  any 
internal  feed  arrangement,  and  experience  has  proved  that  from 
tho  difficulty,  and,  in  many  cases,  the  impossibility,  of  frequent 
examination,  it  is  safer  to  leave  them  off,  in  consequence  of  their 
liability  to  choke  up  with  deposit.  Tho  same  remark  applies 
with  almost  equal  force  to  small  vertical  boilers  internally  tired. 
A  short  pipe,  delivering  just  below  tho  water  level,  can  in  all 

,  cases,  however,  be  attached  to  tho  feed-valve,  and  arranged  so 
as  not  to  inject  the  water  against  the  furnace  plates  or  tubes. 

I  The  feed  inlet  should  never  be  placed  near  the  tube  plates  or  fire- 
box plates  in  locomotive  boilers,  since  the  contraction  produced 
by  the  impingement  of  the  cold  feed  is  sure  to  make  the  tubes 

[  leak,  if  it  does  not  crack  the  plates.  This  applies  also  to  cases 
where  an  injector  is  used  for  feeding,  notwithstanding  the  high 
temperature  at  which  the  feed  is  introduced.     AVhen  the  feed- 

I  valve  is  placed  on  the  shell  crown  of  horizontal  boilers,  the 
vertical  pipe  should  be  provided  with  a  perforated  T-pipe  end, 
attached  go  that  it  can  be  easily  removed  for  cleaning.  In  in- 
ternally fired  boilers  the  feed  valve  is  best  placed  on  the  sida 
of  the  front  end  plate,  where  it  is  most  accessible. 

When  placed  on  the  shell  crown,  the  valve  should  be  work- 
able from  the  boiler  front  by  means  of  gearing  sui' ably  arranged 
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to  be  within  reach  of  the  fireman  at  his  post  near  the  furnace 
door  and  water  gauge.  The  feed  supply  should  always  be 
regulated  to  keep  the  water  level  as  nearly  stationary  as  pos- 
sible. This  can  usually  be  easily  managed  when  the  demand 
for  steam  is  regular.  It  is  far  better  for  the  boiler  than  the 
careless  but  common  practice  of  allowing  the  water  level  to  fall 
periodically  a  few  inches  and  rapidly  raising  it  by  turning  the 
feed  full  on.  The  rapid  introduction  of  a  large  body  of  cold 
water  frequently  causes  leakage  at  the  rivets  and  joints,  and 
increases  greatly  the  wear  and  tear  of  the  boiler,  not  only  by 
suddenly  contracting  the  plates,  but  also,  indirectly,  by  reducing 
the  steam  pressure,  and  necessitating  heavy  firing,  which  again 
gives  trouble  by  the  priming  it  causes. 

It  is  very  important  that  the  feed  water  should  be  introduced 
into  the  boiler  at  as  high  a  temperature  as  possible,  both  with 
the  view  of  maintaining  an  even  temperature  throughout  the 
boiler,  so  as  to  reduce  the  wear  and  tear  arising  from  unequal 
expansion  and  contraction,  and  also  to  effect  a  direct  saving  in 
fuel  when  the  feed  is  warmed  by  the  exhaust  steam  or  waste 
gases.  The  mode  of  estimating  the  saving  to  be  effected  by  any 
increase  in  the  temperature  of  the  feed  is  given  on  page  308. 
It  may  be  remarked  that  the  value  of  an  efficient  apparatus  for 
heating  by  the  waste  gases  is  greatest  when  it  is  used  in  con- 
nection with  boilers  badly  proportioned  or  badly  set,  which 
allow  a  great  waste  of  heat  up  the  chimney. 

The  feed- water  may  be  heated  in  various  ways.  In  con- 
densing engines  it  is  usually  supplied  from  the  hot-well,  where 
the  temperature  is  usually  about  100°.  In  non-condensing 
engines  it  may  be  heated  with  the  exhaust  steam,  either  by 
surface  or  injection.  The  usual  plan  for  heating  by  surface  is 
to  force  the  water  from  the  pump  to  the  boiler  through  a  spiral 
or  serpentine  coil  of  pipes,  enclosed  in  a  suitable  casing,  through 
which  the  exhaust  steam  passes.  Another  plan  is  to  let  the 
exhaust  escape  through  one  or  more  pipes  surrounded  by  a 
narrow  annular  space,  through  which  the  feed  is  slowly  forced 
into  the  boiler.  The  objection  to  all  effective  surface  heaters 
by  exhaust  steam  is  their  liability  to  become  furred  up  when  the 
water  contains  a  considerable  quantity  of  lime-salts,  the  deposit 
of  which  rapidly  diminishes  the  efficiency  of  the  apparatus,  and 
may  in  course  of  time  prevent  the  passage  of  the  water  alto* 
gether,  unless  the  pipe  is  sufficiently  large  to  admit  the  forma- 
tion of  a  coating  thick  enough  to  keep  down  the  temperature 
of  the  water  below  the  point  of  precipitation. 
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Tlie  usual  plan  of  boating  by  injection  is  to  carry  the  exhaust 
pipe  into  an  open  or  closed  tank  containing  tbo  water  to  bo  heated, 
upon  tbo  surface  of  which  the  current  of  steam  is  directed.  By 
regulating  tbo  influx  of  the  cold  water  the  temperature  of  thu 
water  in  tbo  tank  can  usually  bo  maintained  at  the  boiling  point. 
The  water  may  bo  heated  both  by  the  exhaust  steam  and  the 
waste  gases,  by  suitably  arranging  the  annular  chamber  round 
the  exhaust  so  as  to  receivo  the  heat  from  the  escaping  gases. 
Tbo  most  ofFectivo  plan  of  boating  by  the  exhaust  is  to  allow 
the  water  in  the  form  of  spray  to  fall  from  the  top  of  a  vessel 
through  tho  ascending  current  of  steam.  Where  but  little 
grease  is  used  in  tho  cylinder,  and  the  water  ia  good,  heating 
by  injection  can  be  used  with  great  advantage,  but  where  the 
water  contains  much  carbonate  of  lime  or  magnesia,  the  presence 
of  these  salts,  in  combination  with  tho  grease,  leads  to  leaky 
joints,  fractured  rivet  holes  and  bulged  plates,  and  other  effects 
of  overheating, 

There  are  various  plans  for  heating  tho  feed  by  the  waste 
gases.  The  water  is  sometimes  led  through  a  coil  of  pipes 
placed  in  the  smoke-box  or  external  flues.  These  apparatus 
are  usually  very  efficiont  at  first,  when  they  are  arranged  across 
the  current  of  gases,  but  their  efficiency  rapidly  diminishes  as 
tho  pipes  become  coated  with  soot  and  flue  dirt,  which  usually 
happens  unless  the  surface  of  the  pipes  is  kept  clean  by  con- 
tinual scraping.  With  an  efficient  apparatus  in  contact  with 
tho  gases  escaping  at  between  000°  and  700°,  the  feed  may 
bo  heated  when  tho  boiler  is  at  work  to  230°  or  more. 

In  heating  by  exhaust  steam  from  a  non-condensing  engino 
the  feed  can  at  tho  best  only  be  raised  to  the  boiling  point 
corresponding  to  the  barometric  pressure,  or  to  a  temperature 
of  about  212°. 

Since  nearly  all  heating  apparatus  are  liable  to  derangement 
from  furring  up,  and  from  joints  or  pipes  breaking  in  inacces- 
sible positions,  it  is  advisable  to  have  a  duplicate  and  reliable 
direct  communication  between  the  pump  and  the  boiler  in  cases 
where  the  stoppage  of  tho  boiler  for  a  .few  hours  is  attended 
with  great  inconvenience. 

SAFETY  VALVES. 

Tho  safety  valve  should  bo  large  euough  to  allow  all  the 
steam  that  may  be  formed  in  the  boiler  to  escape  with  sufficient 
rapidity  to  prevent  the  initial  blowing-off  pressure  being  ex- 
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ceeded  by  more  than  about  12  per  cent.  The  quantity  of  steam 
generated  will  depend  upon  the  amount  of  fuel  consumed,  and 
the  amount  of  water  evaporated  per  lb.  of  fuel  in  a  given 
time.  These  quantities  are  again  dependent  upon  the  size  of 
fire  grate  and  rate  of  combustion,  and  upon  the  quality  of  fuel, 
and  the  extent  and  efficiency  of  heating  surface. 

Instead  of  estimating  by  the  heating  surface  it  is,  however, 
more  convenient  to  take  the  maximum  quantity  of  water  that 
can  be  evaporated  per  lb.  of  fuel  in  any  given  boiler,  which  we 
may  take  at  10  lbs.,  whence  we  have — 

S  =  g  X  c  X  1Q-  y  0 
3600  360 

where  S  =  lbs.  of  steam  generated  in  one  second, 
g  =:  area  of  fire  grate  in  square  feet, 
c  =  rate  of  combustion  in  lbs.  per  square  foot  of  grate 
per  hour. 

The  velocity  at  which  dry  steam  at  more  than  11  lbs. 
above  atmospheric  pressure  escapes  into  the  atmosphere,  ac 
cording  to  Mr.  McFarlane  Gray,  is  approximately  represented 
as  follows  : — 


where  W  ==  weight  of  steam  in  lbs.  discharged  per  square  inch 
of  opening  per  second,  and  P  =  pressure  in  lbs.  per  square 
inch  above  zero. 

In  order  that  the  steam  may  be  discharged  as  rapidly  as  it 
is  formed,  the  area  of  the  safety  valve  aperture,  or  A,  must 
S 

be  equal  to  ^  or 

A  ~     g  c 


The  velocity  of  discharge  will,  however,  be  governed,  to 
some  extent,  by  the  dryness  of  the  steam,  and  by  the  arrange- 
ment of  the  valve  and  its  adjuncts.  If  the  aperture  be  not 
sufficient  to  discharge  the  steam  as  quickly  as  it  is  raised,  tht 
pressure  will  increase,  but  not  indefinitely.  By  the  eleva- 
tion of  temperature  and  pressure  the  density  of  the  steam  aT:d 
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the  ralo  of  efflux  will  bo  inci  eased,  and  also  at  the  sanio  time 
the  lift  of  the  valve,  whilst  the  load  (oxcept  with  springs)  and 
rate  at  which  the  steam  is  generated  remain  constant,  so  that 
any  increase  of  pressure  due  to  insufficient  size  of  valve  soon 
reaches  its  limit. 

It  might  seem  reasonable  to  suppose  that  when  the  pressure 
lifts  the  valve  from  its  seat  it  would  continue  to  do  so  until 
the  aperture  of  efflux  is  equal  to  the  area  of  the  valve,  that  is, 
until  the  valve  rises  to  a  height  equal  to  i  its  diameter,  in  the 
case  of  a  flat  disc  valve. 

It  is,  however,  found  that  safety  valves  seldom  rise  more 
than  about  T!a  of  an  inch  from  their  seats,  unless  the  pressure 
at  which  they  commence  to  blow  ofl:  be  very  considerably  ex- 
ceeded ;  the  diameter  of  the  valve  should  therefore  be  calculated 
for  a  lift  not  exceeding  -fa  of  an  inch.  In  order  to  obtain 
sufficient  area  it  is  better  to  increaso  the  number  than  the  size 
of  the  valves  when  the  diameter  is  as  much  as  five  inches. 
The  opening  for  the  escape  of  steam  with  a  conical  valvo  is 
less  than  the  lift;  for  a  cone  of  45°,  tho  decrease  is  in  the  ratio 
of  7  :  10. 

As  the  extent  of  heating  surface  may  bo  considerably  in- 
creased or  diminished  without  materially  aflecting  tho  evapo- 
rativo  power  of  tho  boiler,  those  rules  for  the  area  of  safety 
valves  based  simply  upon  the  area  of  heating  surface  are  not 
of  much  value.  Moreover,  as  tho  evaporative  efficiency  of  the 
heating  surface  is  not  easily  determined,  tho  maximum  efficiency 
of  the  heating  surface  should  always  be  taken.  The  rules 
based  upon  the  size  of  fire  grato  are  not  generally  applicable, 
since  the  maximum  rate  of  combustion,  which  must  be  assumed 
in  these  rules,  varies  in  different  kinds  of  boilers. 

The  valves  in  common  use  may  be  divided  into  two  classes, 
according  to  the  form  of  the  joint  made  by  the  lid  with  its 
seat,  viz.,  disc  valves,  having  a  flat-faced  joint,  and  mitre  or 
conical  valves,  with  which  may  be  also  included  spherical 
valves. 

Flat  disc  valves  are  guided  either  by  inside  wings,  central 
spindle,  or  outside  pins.  In  their  favour  it  is  urged  that  they 
aro  much  less  liable  to  stick  fast  than  conical  valves,  and  when 
this  is  the  circumstance  that  determines  their  selection  in  any 
case,  the  outside  pin  guide  arrangement  should,  in  consistency, 
also  be  adopted.  On  the  other  hand,  an  objection  to  this  class 
of  valve  is  the  difficulty  of  keeping  a  tight  joint  at  high  pres- 
sures for  a  reasonable  length  of  time.    At  1  20  lbs.  pressure  it 
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is  almost  impossible  to  make  the  joint  tight  at  all  with  a  flat 
face  J  inch  or  more  in  width.  Another  objection  is  the  tardy 
escape  of  steam  past  the  wide  face,  the  direction  being  at 
right  angles  to  its  flow  before  reaching  the  valve,  which  leads  to 
a  considerable  rise  in  pressure  compared  with  that  at  which  the 
valve  lifts. 

In  favour  of  the  mitre  valve  is  the  greater  facility  in  keeping 
the  joint  steam  tight  when  the  bearing  surface  is  not  made  too 
wide.  A  mitre  inch  in  width  is  quite  sufficient,  and  is 
found  to  answer  far  better  for  valves,  at  least  up  to  four  inches 
diameter,  than  bearings  ■§■  or  ^  inch,  which  are  more  common. 
The  usual  and  best  angle  for  the  cone  is  45°.  The  liability  to 
stick  fast  increases  with  the  acuteness  of  the  angle,  and  it 
should,  therefore,  not  be  less  than  the  above.  It  is  sometimes 
urged  against  the  efficiency  of  the  mitre  that  it  requires  a 
greater  lift  of  valve  for  a  given  opening  than  the  flat  face. 
Experience  shows,  however,  that  even  as  usually  made,  the 
mitre  valve  does  not  allow  such  a  great  elevation  above  the 
initial  blowing-off  pressure  in  the  boiler  as  the  other,  the 
diameter  of  valve,  rapidity  of  evaporation,  and  the  pressure 
being  equal  in  both  cases. 

At  first  sight  it  might  be  supposed  that  the  exposure  of  an 
increased  area  of  valve  lid  to  the  reaction  of  the  steam  pressure 
as  it  becomes  lifted  from  its  seat,  especially  in  the  case  of  a 
disc  valve  with  wide  bearing,  would  cause  the  valve  to  bo  still 
further  lifted,  and  so  favour  the  escape  of  steam.  This,  how- 
ever, does  not  take  place,  and  can  be  accounted  for  by  the  fact 
of  the  steam  under  the  facing  being  in  a  state  of  motion,  at 
right  angles,  in  the  case  of  a  flat  face,  to  the  resistance^  and  not 
a  vertical  dead  pressure,  as  it  was  before  the  valve  lifted.  Any 
increase  of  exposed  seating  area  does  not  appear  to  have  any 
influence  in  facilitating  the  efflux  of  steam  by  causing  a  greater 
lift  ;  but  on  the  contrary,  the  increased  area  diminishes  the 
amount  of  escape  from  a  disc  valve  to  such  an  extent  as  to  lead 
to  a  considerable  rise,  in  some  cases  as  much  as  from  12  to 
20  lbs.  above  the  initial  blowing-off  pressure  of  60  lbs.  or  70  lbs. 
The  excess  of  area  on  the  top  of  the  valve,  above  that  which  is 
exposed  to  the  steam  pressure  when  the  valve  is  on  its  seat,  has 
to  bear  the  additional  unbalanced  pressure  of  the  atmosphere 
when  once  the  valve  is  lifted.  No  doubt  this  has  some  influence 
in  resisting  the  rise  of  the  valve,  especially  with  low  pressures 
and  wide  faces.  In  connection  with  this  flat-faced  valve,  it  may 
be  mentioned  that  the  curious  effect  has  been  observed  of  the 
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valvo  lid  being  rather  drawn  to  tho  seat  than  repelled,  and 
maintained  at  a  certain  distance,  which  diminishes  as  the  initial 
Uowing-ofF  pressure  is  increased.  It  is  by  many  supposed  that 
a  valvo  once  lifted  will  not  close  again  until  tho  pressure  be. 
comes  reduced  in  proportion  to  tho  increased  area  exposed  to 
the  steam  when  the  valve-lid  is  off  its  seat.  That  this  is  tho 
case  to  some  slight  extent  there  can  be  no  doubt,  but  not  to 
such  a  degree  as  is  generally  supposed.  Tho  quantity  of  steam 
oscaping  after  the  pressure  haB  subsided  to  the  initial  bio  wing- 
off  pressure  is  usually  only  very  small,  and  is  much  less  with  a 
mitre  face  or  sharp  edge  than  a  wide  Hat  faco,  which  does  not 
appear  to  cut  off  tho  current  of  steam  so  readily. 

The  valve  lids  are  at  present  guided  chiefly  by  inside  iringl 
or  feathers,  or  by  a  central  spindle.  The  former  is  decidedly 
the  bettor  plan,  as  tho  spindle  is  liable  to  get  bent  or  stick  fast 
by  corrosion  or  dirt,  which  sooner  or  later  insinuates  itself.  The 
wings  aro  often  mado  too  good  a  fit,  and  stick  fast  when  tho 
valvo  becomes  hot,  especially  when  tho  casing  is  of  cast  iron, 
and  tho  valve-lid  is  of  brass.  The  method  of  guiding  by  outside 
pin 8  is  now  rarely  employed.  Spherical  valves  require  no 
guiding  on  their  seat,  and  are  in  consequence  less  liable  to  stick 
fast,  a  most  important  advantago  in  a  safety  valve. 

Safety  valves  aro  weighted  either  indirectly  by  levers,  or 
directly  by  weights  or  springs.  When  tho  valve-lid  is  pressed 
down  by  a  projection  on  the  under  sido  of  a  straight  lever,  an 
awkward  lateral  thrust  is  thrown  upon  the  valve,  in  consequenco 
of  tho  contro  of  rotation  being  above  the  point  where  the  thrust 
takes  place.  By  bending  down  the  fulcrum  end  of  the  lever 
sufficiently,  this  lateral  thrust  can  be  avoided.  AVhen,  however, 
tho  weight  is  transferred  to  the  valve  by  means  of  a  pin  loose 
under  the  lever,  or  secured  by  a  double  eye  and  bolt,  the  angular 
thrust  is  practically  obviated.  Instead  of  tho  pin  bearing  on  the 
top  of  the  valve,  it  is  better  made  to  act  below  the  face  or  joint, 
whereby  the  angularity  of  its  action  is  diminished,  and  tho 
weight  acts  by  pulling  rather  than  thrusting,  which  produces  a 
steadier  action  on  the  valve. 

Another  point  in  connection  with  the  position  of  the  fulcrum 
is  that  when  tho  load  is  transmitted  to  the  pin  at  a  point  below 
the  centre  of  rotation  of  the  lever,  a  rise  of  the  valve  reduces 
the  leverage  with  which  the  load  acts.  This  can  be  practically 
avoided  by  keeping  the  point  at  which  the  lever  presses  on  tho 
pin  in  the  same  horizontal  line  with  the  axis  of  rotation. 
Theoretically  speaking,  a  feature  common  to  nearly  all  straight 
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lever  arrangements  is  that  the  leverage  is  reduced  by  the  end  of 
the  lever  moving  in  an  arc  when  the  valve  rises.  The  reduction  is, 
however,  so  slight  in  most  cases  as  not  to  be  worth  considering. 

A  serious  drawback  in  lever  safety  valves  as  usually  con- 
structed, is  the  liability  of  the  pins  or  bolts  at  the  fulcrum  end 
to  become  fast  by  rusting,  or  from  getting  clogged  with  grease 
and  dirt.  The  liability  to  corrode  may  be  reduced  by  making 
the  pins,  double-eyes,  or  lever  ends  of  gun  metal.  But  in  all 
cases  it  is  better  to  do  away  with  the  centre  pins  altogether, 
and  make  the  lever  to  turn  on  .a  knife-edge  case-hardened,  by 
which  the  friction  is  reduced  to  a  minimum. 

Lever  safety  valves,  as  usually  constructed,  are  easily  tam- 
pered with,  and  readily  prevented  from  operating  efficiently,  if 
not  altogether.  It  too  frequently  happens  that  the  lever  is 
made  much  longer  than  necessary  for  the  blowing-off  pressure 
with  the  weight  provided.  This  allows  the  attendant,  or  any 
one  actuated  by  mischief  or  malice,  to  increase  the  pressure  in 
the  boiler  sometimes  to  as  much  as  100  per  cent,  above  the 
safe  working  pressure.  In  order  to  prevent  such  an  occurrence 
the  lever  should  always  be  cut  to  the  length  suitable  for  the 
maximum  pressure  the  boiler  is  intended  to  be  worked  at,  or 
the  range  of  the  weight  should  be  limited  by  means  of  a  pin 
permanently  fixed  in  the  lever.  Sometimes  the  weight  is 
secured  to  its  position  by  a  padlock,  which  can  be  removed 
only  by  the  owner,  or  other  responsible  person.  On  the  oppo- 
site side  of  the  valve  casing  to  the  fulcrum,  there  is  usually  a 
guide  for  the  lever  to  work  in,  which,  instead  of  being  a  simple 
fork,  is  made  with  the  top  bridged  over.  This  bridge  is  in- 
tended to  prevent  the  lever  rising  sufficiently  high  to  allow  the 
valve  to  be  blown  away  in  the  event  of  the  weight  dropping  off. 
Such  an  arrangement  should,  however,  never  be  adopted,  as  it 
offers  an  opportunity  of  wedging  down  the  lever  and  valve  hard 
and  fast,  too  often  taken  advantage  of  by  reckless  and  careless 
attendants,  when  the  valve  is  not  steam  tight  for  want  of  re- 
grinding,  or  when  the  free  escape  of  steam  becomes  trouble- 
some. The  commonest  plan  of  overloading  is  to  add  to  the 
regular  weight,  bricks,  pieces  of  metal,  or  any  other  heavy 
article  at  hand  by  which  the  safety  of  the  boiler  may  be  en* 
dangered.  In  order  that  any  overloading  may  be  readily 
detected,  onlyone  weight  should  be  allowed  on  the  lever,  and  this 
should  be  on  the  end.  To  facilitate  the  operation  of  regrinding 
the  safety  valve,  the  lid  should  always  be  provided  with  a  square 
or  canted  piece  cast  on,  or  other  handy  means  for  turning  it  round. 
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Where  the  boiler  is  closely  housed  in,  and  inconvenience  is 
likely  to  arise  from  the  steam  esoapiog  from  the  valve,  it  is 
usually  led  away  by  a  waste  pipe  communicating  with  tho 
casing  round  tho  valvo.  These  box  or  bonneted  safety  valves, 
as  they  are  called,  add  another  source  of  danger  in  the  spindle 
between  the  lever  and  valve,  which,  being  made  to  pass  through  a 
hole  or  stu fling  box,  is  liable  to  corrode,  or  otherwise  stick  last. 
There  should  always  bo  a  small  pipe  to  draw  off  tho  water, 
which,  sooner  or  later,  accumulates  in  the  waste  pipe,  and 
which,  if  allowed  to  remain,  will  not  only  cause  trouble  by  pre- 
venting the  free  escape  of  the  steam,  but  becomes  so  much 
additional  dead  weight  on  tho  valve.  In  frosty  weather  this 
accumulated  water  is  liable  to  freeze  and  choke  up  tho  escape 
pipe  when  the  boiler  is  at  rest,  so  as  to  render  completely  use- 
less the  means  provided  for  relieving  the  pressure  in  the  boiler. 
When  a  hole  is  provided  in  the  bottom  of  the  wa>to  pipe,  with- 
out other  means  for  conducting  the  water  away  from  the  boiler, 
tho  plates  near  tho  safety  valve  often  Buffer  seriously  from  cor- 
rosion.  When  it  is  required  to  keep  tho  boiler  houso  freo  from 
steam,  the  best  plan  is  to  carry  the  pipes  or  branches  right 
through  tho  roof,  and  fix  the  safety  valves  outside  the  building 
care  boing  taken  that  they  are  in  a  conspicuous  and  accessible 
position.  The  valves  in  this  case  should  only  be  of  external 
dead- weight  construction. 

In  order  to  ascertain  the  weight  necessary  to  apply  at  tho 
ond  of  the  lever  to  balanco  a  given  pressure  on  the  valve,  there 
must  be  taken  into  account  the  load  on  the  valve,  due  to  the 
weight  of  tho  lever,  as  well  as  the  weight  of  the  valvo  itself 
and  connections,  which  forms  an  increasing  proportion  to  the 
total  load,  as  tho  steam  pressure  is  reduced,  and  the  amount  of 
leverago  is  diminished.  The  leverage  with  which  the  weight  of 
the  lever  acts  is  measured  by  the  distance  of  its  centre  of  gravity 
from  tho  fulcrum.  Tho  centre  of  gravity  is  easily  found  by 
balancing  the  lever  on  a  knife  edge,  and  the  weights  of  the  valvo 
and  lever  can  be  ascertained  by  actual  weighing. 

The  resistance  due  to  the  weight  of  the  valve  and  lever  is, 
however,  best  ascertained  by  lifting  the  lever  on  its  place,  hav- 
ing the  valve  temporarily  attached,  with  a  suitable  spring 
balauco  applied  exactly  over  the  valve  centre.  But  as  this  is 
done  with  the  boiler  at  rest,  it  does  not  take  into  account  tho 
extra  amount  of  friction  thrown  on  the  fulcrum  pin  by  tho 
pressure,  and  on  the  valve  guides  by  the  indirect  thrust  of  the 
load  wheu  at  work. 


126 


A  TREATISE  ON  STEAM  BOILERS. 


The  required  weight  at  the  end  of  the  lever  is  found  by  the 
following  formula  : — 


Fig.  20. 


<- 


< 


A 


W  =     (P  x  A)-(V 


(1) 


Where  W  =  weight  at  end  of  lever, 

L  =  distance  between  weight  and  fulcrum, 
w  z=l  weight  of  lever, 

g   =  distance  of  centre  of  gravity  of  lever  from  ful- 
crum, 

P  =  pressure  in  lbs.  per  square  inch  above  atmosphere, 
V  =  weight  of  valve, 
A  z=  area  of  valve, 

I    =  distance  between  valve  centre  and  fulcrum. 

When  the  load  is  given  and  it  is  required  to  find  what  steam 
pressure  is  balanced  on  the  valve,  we  have 


When  the  load  and  pressure  are  given,  we  have  for  the  length 
of  lever 


The  lever  is  sometimes  prolonged  beyond  the  fulcrum,  and 
provided  with  an  adjustable  weight,  which  is  set  to  balance  the 
weight  of  the  lever  and  connections.  With  this  arrangement  it 
is  advisable  to  counterbalance  the  weight  of  the  valve  as  well. 
The  formulae  for  finding  the  weight  at  the  end  of  the  lever,  &c., 
Are  then  simplified,  and  stand  thus 


(w  x  g)  +  (L  x  W) 


+  V]  -f-  A.  (2) 
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When  the  lover  is  pressed  down  by  a  Ipring  balanco  at  its 
extremity,  a  riso  of  the  valvo  produces  a  considerable  increase 
of  pressuro  by  tho  increase  of  extension  or  compression  of  the 
spring.  It  is  customary  to  arrange  tho  proportions  of  tho 
lever  so  that  1  lb.  per  square  inch  on  tho  valve  is  equal  to  1  lb. 
pressuro  of  the  spring  balance.  With  this  arrangement  the  lift 
of  the  extremity  of  tho  lever  is  measured  by  tho  rise  of  valvo 
multiplied  into  its  area  in  square  inches.  This  lift  of  the  lever 
end  in  inches  multiplied  by  the  number  of  lbs.  to  tho  inch  in 
the  graduation  of  tho  balance,  will  givo  the  additional  load  in 
lbs.  per  square  inch  placed  on  tho  valvo  by  tho  more  act  of 
rising.  It  is  obvious  that  this  additional  resistance  involves  a 
corresponding  increased  pressure  of  tho  steam  to  obtain  its  dis- 
charge through  tho  opening  of  the  valve,  over  and  above  that 
which  is  always  required  to  compensato  for  tho  loss  of  lifting 
pressuro  under  tho  valvo  due  to  tho  motion  of  the  steam  at 
this  part,  and  to  overcome  tho  resistance  offered  by  tho  atmo- 
sphere. For  example,  if  we  take  a  four-inch  valve,  and  sup- 
pose it  to  riso  -JlT  inch,  this  will  givo  a  rise  at  the  end  of  the 
lever  equal  to  6  05  X  125G  =  *028  inch.  If  tho  graduation 
of  tho  spring-balanco  bo  25  lbs.  per  inch,  this  will  givo 
•628  X  25  =  lSJllbs.  per  square  inch,  additional  resistance 
to  be  overcome  by  the  steam  in  order  to  get  a  lift  of  }0  inch  for 
the  escapo  of  steam. 

Since  the  load  pressing  the  valve  down  increases  as  tho  square 
of  the  diameter,  whilst  the  area  of  the  aperture  increases  only 
directly  as  the  diameter  of  the  valve,  it  is  obvious  that  by  in- 
creasing the  diameter  the  increase  of  pressuro  necessary  to 
obtain  a  given  area  of  opening  increases  more  rapidly  than  tho 
opening  for  efflux,  or  that  a  large  valve  will  involve  a  greater 
excess  above  the  initial  blowing-off  pressure  to  obtain  a  given 
area  of  discharge  than  a  small  valve,  tho  spring  balance  in  both 
cases  having  the  same  rate  of  graduation.  The  increase  of 
pressure  from  the  extension  or  compression  of  the  spriug  can 
doubtless  be  reduced  to  any  extent  by  increasing  its  length  ; 
but  in  practice  the  length  of  spring  is  limited  by  circumstances 
of  convenience.    This  additional  resistance  also  occurs  with  a 
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spring  acting  directly  upon  the  valve,  the  decrease  in  motion 
being  balanced  by  a  corresponding  increase  of  resistance  in  the 
spring.  Arrangements  to  compensate  for  the  increase  of  resist- 
ance due  to  the  rising  of  the  valve,  by  reducing  the  leverage  by 
means  of  a  bent  lever,  have  been  successfully  adopted. 

In  graduating  the  spring  balances  for  locomotive  and  other 
valves,  the  proper  weight  can  be  found  by  formula  (1),  or  allow- 
ance can  be  made  for  the  weight  of  valve,  lever,  and  connec- 
tions. When  the  lever  is  proportioned  so  that  1  lb.  at  its 
extremity  balances  1  lb.  per  square  inch  pressure,  on  the  valve, 
or  when  L  -  A  /, 

w-p-I  (Y  +  JLf)  m 

This  shows  that  in  graduating  the  balance  we  have  only  to 
make  the  scale  lighter  by  the  amount  of  load  due  to  the  weight 
of  lever,  valve,  &c.,  when  this  has  been  ascertained.  For  ex- 
ample, if  the  constant  load  is  found  to  be  7*5  lbs.,  the  extension 
of  the  spring  balance  produced  by  12*5  lbs.  weight  must  be 
marked  20  lbs.  ;  that  produced  by  22*5  lb.  weight,  30  lbs.,  and 
and  so  on. 

In  graduating  spring  balances  it  is  perhaps  the  rule  rather 
than  the  exception  to  disregard  the  load  due  to  the  lever  and 
valve.  It  is  alleged  in  support  of  this  practice  that  the  extra 
area  exposed  to  the  pressure  of  the  steam  when  the  valve  rises 
from  its  seat  fully  compensates  for  any  excess  of  load  not  marked 
on  the  scale.  For  instance,  with  a  4-inch  valve,  having  a 
-^-inch  bearing  there  will  be  an  extra  area  amounting  to  '4 
square  inches;  this,  multiplied  by  60  lbs.,  would  give  24  lbs., 
which  might  balance  the  load  of  lever,  valve,  &c,  with  a  stationary 
boiler,  but  in  the  case  of  a  locomotive  working  at  120  lbs. 
pressure,  we  should  have  an  increase  of  pressure,  on  this  assump- 
tion, equal  to  48  lbs.,  which  is  decidedly  too  much.  In  fact, 
to  carry  out  this  argument  we  should  have  to  proportion  the 
bearing  of  the  seat  to  suit  various  conditions  of  pressure,  size  of 
valve,  &c.  However,  the  increased  exposed  area  of  valve  on 
lifting,  as  we  have  already  noticed,  has  no  material  effect  in 
facilitating  the  escape  of  steam. 

Some  makers  profess  to  specially  graduate  their  spring 
balances  at  the  testing  of  the  boiler  with  water,  when  the  various 
degrees  of  pressure  at  which  the  valve  lifts  are  noted  from  a 
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reliable  gaugo,  and  the  spring  balanco  scale  is  marked  off  ac- 
cordingly. This  method  has  certainly  the  advantage  of  taking 
\nto  account  the  increase  of  load  due  to  friction  at  both  ends  of 
Aie  lever,  and  on  the  valve,  if  there  should  be  any  lateral 
pressure.  But  it  is  difficult  to  reconcile  the  alleged  success  of 
this  method  with  the  well-known  fact  that  an  ordinary  valve 
will  lot  water  escape  more  readily  than  steam  at  the  same 
indicated  pressure.  This  method  of  graduating  spring  balances 
would  be  kr  better  carried  out  with  steam  than  with  water. 

Formula  (2)  gives,  approximately  enough,  the  pressure  at 
which  the  valve  will  rise,  when  tho  arrangement,  workmanship, 
and  condition  are  not  decidedly  bad  ;  but  the  amount  to  which 
the  steam  pressure  will  rise  above  that  at  which  it  commences 
to  escape  will  depend  upon  the  degree  of  pressure  itself,  as  well 
as  upon  the  character  of  tho  valve  and  speed  of  evaporation. 

Directly  loaded  or  dead- weight  safety  valves,  as  they  are 
called,  are  loaded  either  internally  or  externally.  Tho  latter 
mode  is  much  to  bo  preferred,  as  any  attempt  at  overloading  Off 
tampering  can  bo  more  readily  detected,  and  the  valve  cannot 
be  jambed  down  intentionally  by  fixing  a  strut  between  the 
weight  and  the  boiler  crown.  The  great  load  hanging  on  the 
spindle  of  an  internal  dead-weight  valve  has  been  known  to 
drop  off,  or  to  break  tho  spindle  when  it  has  beeu  weakened  by 
concealed  corrosion.  When  this  happens,  tho  valve  is  blown 
away,  and  the  discharge  of  steam  and  hot  water  are  likely  to 
prove  disastrous,  unless  the  valve  is  enclosed  in  a  strong  casing. 
The  large  bulk  of  metal  used  for  loading  a  large  internal  dead 
weight  valve  is  extremely  inconvenient  inside  a  boiler.  In 
order  to  prevent  the  suspending  spindle  from  getting  bent  by 
any  one  pushing  past  inside  the  boiler,  the  load  should  always 
be  made  free  to  swing. 

The  valve  most  likely  to  be  found  proof  against  neglect 
and  malice  is  that  of  the  external  pendulous  dead- weight  con- 
struction, known  as  the  "  Cowburn"  valve.  Being  directly 
loaded,  it  requires  very  considerable  over- weighting  to  cause  a 
serious  rise  of  pressure  within  the  boiler  ;  and  the  application  of 
any  irregular  weights  can  be  readily  detected.  Having  no 
cross-bars,  there  is  a  clear  way  for  the  steam  to  act  on  the  valve, 
which  being  spherical  requires  no  guides  or  feathers  to  stick 
fast.  The  issuing  steam,  by  impinging  on  the  cylindrical  weight, 
assists  in  lifting  the  valve  from  its  seat.  From  observing  the 
action  of  a  great  number  of  valves  of  various  descriptions,  the 
writer  has  been  led  to  conclude  that  the  "  Cowburu"  valve  is  the 
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most  sensitive  and  reliable,  and  at  the  same  time  .relieves  the 
pressure  more  quickly  than  any  other  valve  commonly  used. 

For  stationary  boilers  spring  balances  should  never  be  used, 
nor  should  the  ordinary  lever  valve,  in  consequence  of  the  facility 
with  which  it  can  be  rendered  inoperative.  All  spring  balances 
for  locomotive  and  portable  engines  should  be  provided  with  a 
ferrule  between  the  nut  and  the  spring  casing,  to  prevent  the 
valve  from  being  screwed  down  beyond  the  blowing-off  pressure. 
Sometimes,  however,  the  thread  on  the  spindle  is  made  just  of 
sufficient  length  to  meet  this  object.  In  all  cases  where  spring 
balances  are  used  it  should  be  ascertained  that  the  spring  is  not 
compressed  together  so  that  the  lever  cannot  rise,  when  the  nut 
is  screwed  down  as  far  as  it  will  go,  and  that  there  is  still 
flexibility  enough  in  the  spring  to  allow  the  valve  to  rise  easily 

As  all  valves  are  liable  to  stick  fast  by  corrosion  when  allowed 
to  stand  unmoved  for  a  length  of  time,  they  should  be  daily 
eased  on  their  seats.  For  this  purpose,  and  also  in  order  to  test 
their  freedom  of  action,  valves  of  the  direct-weighted  spring 
class,  and  internally-weighted  valves  of  all  descriptions,  should 
be  provided  with  a  lever  or  other  means  to  ease  them  by  hand. 
The  lever  should  be  so  arranged  that  it  cannot  be  employed  to 
assist  in  keeping  down  the  valve.  Many  lock  valves  and  others 
arranged  so  as  to  be  inaccessible  and  safe  against  being  tampered 
with  become  fast  and  useless,  and  are  rather  a  source  of  danger 
than  otherwise  when  their  efficiency  is  relied  upon. 

No  boiler  should  be  allowed  to  work  without  at  least  two 
good  safety  valves,  in  case  one  should  become  inoperative. 

Some  of  these  observations  are  repeated,  with  additional 
remarks  on  safety  valves,  in  the  chapter  on  Explosions. 

Besides  the  safety  valves  above  described  for  preventing  any 
dangerous  excess  of  pressure  in  the  boiler  by  allowing  the  steam 
to  escape  into  the  atmosphere,  there  are  numerous  other  ex- 
pedients and  arrangements  in  use  for  checking  the  rise  oi 
pressure  beyond  a  certain  point.  There  is,  for  instance,  a  plan 
for  closing  the  damper  by  self-acting  machinery  on  a  certain 
degree  of  pressure  being  attained.  By  another  expedient,  hot 
water  is  discharged  into  the  fire.  But  the  majority  of  these 
apparatus  are  found  to  be  troublesome  and  uncertain  in  their 
action.  It  may  be  remarked  that  discharging  hot  water  from  a 
highly-pressed  boiler  into  the  fire  is  liable  to  prove  dangerous 
by  scalding,  and  scattering  the  burning  fuel  about  the  stoke* 
hole. 

In  old  boilers  of  very  weak  construction  it  is  advisable  to 
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have  a  safety  valvo  Opening  inwardly,  to  any  excess  of  atmo- 
spheric pressure  that  may  occur  when  a  vacuum  is  formed  inside 
the  boiler — a  circumstauce  of  frequent  occurrence,  and  which 
has  caused  the  collapse  of  several  large  weak  cylindrical  boilers. 

LOW-WATER  SAFETY  VALVES. 

Low-water  safety  valves  are  used  to  discharge  the  steam  and 
relieve  the  boiler  from  pressure  before  the  water  level  fulls  to  a 
dangerous  degree,  either  from  neglect  in  feeding,  or  from  tho 
water  escaping  out  of  the  boiler. 

The  arrangements  of  this  description  which  have  proved  most 
eflicient  after  long  trial  are  tho  two  well-known  valves  introduced 
respectively  by  Hopkinson  and  Kay.  Either  of  these  forms  a 
most  important  adjunct  to  tho  safety  of  internally  iired  tubular 
boilers,  from  the  timoly  warning  they  give  of  lowness  of  water. 
They  are,  however,  easity  tampored  with  and  rendered  useless. 
Their  machinery,  being  inside  the  boiler,  can  be  oxauiined  only 
when  the  boiler  is  at  rest. 

There  are  also  numerous  other  expedients  used  for  low  water 
indicators.  The  simplest  being  variously  designed  Hoat  and 
lever  arrangements  connected  with  a  whistle  on  tho  boiler.  Tho 
majority  of  these  are  liable  to  get  out  of  order,  and  have  been 
found  untrustworthy. 

FUSIBLE  FLUCS. 

Fusible  plugs,  in  one  or  more  of  tho  numerous  shapes  in  which 
ihey  are  made,  aro  more  frequently  applied  than  any  other 
means  as  a  safeguard  against  the  collapse  of  furnace  crowns  from 
overheating  through  shortness  of  water.  These  plugs  usually 
consist  of  a  piece  of  alloy  of  tin,  lead,  and  bismuth  inserted  in 
various  manners  in  the  furnace  crown.  So  long  as  the  alloy  is 
kept  at  a  comparatively  low  temperature  by  the  water  on  the 
one  side,  it  is  prevented  from  melting  by  the  fire  on  the  other. 
But  on  the  water  level  descending  so  far  as  to  leave  the  plug 
dry,  it  is  expected  to  fuse  and  relieve  the  pressure  in  the  boiler, 
and  at  the  same  time  to  extinguish  the  fire  and  save  the  furnace 
plates. 

Notwithstanding  the  great  favour  in  which  they  are  held,  as 
proved  by  their  general  adoption,  there  can  bo  no  doubt  that 
their  efficiency  has  been  much  overrated,  since  numerous  cases 
occur  every  year  of  the  furnace  crowns  being  burnt  from  short- 
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ness  of  water  without  the  fusible  metal  becoming  melted.  This 
is  partially  due  to  the  accumulation  of  soot  and.  dirt  that  usually 
takes  place  in  the  cavity  over  which  the  plug  is  inserted,  and 
|  artially  in  consequence  of  the  alteration  which  takes  place  in  the 
nature  of  the  alloy  during  long  exposure  to  the  heat  of  the 
furnace. 

There  are  also  numerous  instances  of  the  fusible  metal  melting 
out  without  liberating  the  steam  pressure.  This  is  chiefly 
caused  by  the  accumulation  of  incrustation  on  the  metal  being 
sufficiently  strong  to  withstand  the  pressure  upon  it  and  pre- 
vent its  liberation.  The  simple  plan  of  screwing  or  riveting  a 
piece  of  lead  or  fusible  metal  into  a  hole  in  the  furnace-crown 
plate  should  never  be  adopted,  on  account  of  the  leakage  that 
often  takes  place  when  the  plug  is  slack,  which  leads  to  the 
corrosion,  patching,  and  destruction  of  the  plate.  Moreover,  the 
plug  will  probably  not  melt  until  the  crown  shall  have  actually 
become  bare.  For  this  reason  alone,  there  should  be  a  provision 
on  the  furnace  plate  for  the  insertion  of  the  plug  to  keep  the 
crown  still  covered  with  two  or  three  inches  of  water  after  the 
plug  itself  has  been  left  bare.  This  is  usually  done  by  riveting 
or  screwing  a  seating  of  wrought  iron  or  gun  metal  to  the  fur- 
nace crown,  into  which  the  plug  of  fusible  metal  is  fitted  in 
various  ways.  Care  should  be  taken  to  make  the  mouth  of  this 
seating  at  least  two  or  three  inches  in  diameter  for  the  easy 
removal  of  the  soot  and  for  the  free  action  of  the  heat. 

In  order  to  take  advantage  of  the  heat  of  conduction  the  area 
of  the  fusible  alloy  in  contact  with  the  casing  is  increased  by 
making  the  plug  of  an  annular  shape,  the  middle  being  filled  in 
with  brass  or  copper.  The  same  object  is  attained  by  dividing 
the  alloy  into  several  small  plugs  let  into  a  large  cap  fitted  to 
the  seating.  This  has  the  further  advantage  of  increasing  the 
number  of  pieces  depended  upon  for  safety.  Where  the  area, 
however,  is  small,  greater  care  is  necessary  in  keeping  the  metal 
free  from  incrustation,  a  coating  of  hard  scale  less  than  y1^-  inch 
thick  over  a  -J-inch-hole  being  sufficient  to  withstand  a  pressure 
of  70 lbs.  or  80 lbs.,  should  the  alloy  be  melted  out.  This  is 
equivalent  to  saying  that  less  than  a  month's  work  with  many 
boilers  will  render  such  a  small  plug  useless.  In  making  a 
selection  of  the  description  of  plug  the  nature  of  the  feed  water 
should  be  taken  into  consideration.  With  feed  water  containing 
much  carbonate  of  lime  or  magnesia  in  solution,  especially  where 
grease  is  present,  many  of  the  fusible  plugs  in  use  are  found  to 
be  too  sensitive  and  cause  much  trouble  by  melting,  even  when 
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there  is  still  abundance  of  water  over  the  furnace-crown.  In 
such  cases  the  failure  of  the  fusible  metal  serves  as  an  indication 
of  danger  from  the  liability  of  the  furnace  plates  to  overheat. 

To  guard  against  the  risk  arising  out  of  the  tendency  to 
change  in  the  nature  of  the  alloy,  it  is  advisable  to  renew  the 
fusible  metal  every  threo  or  four  months,  and  only  those  de- 
scriptions of  plugs  which  admit  of  this  being  readily  and  effici- 
ently done  should  bo  chosen. 

It  must  not  be  supposed  that  the  steam  in  an  ordinary  large- 
sized  boiler  can  always  be  liberated  with  sufficient  rapidity 
through  a  small  hole,  say  ^-inch  or  I -inch  diameter,  to  prevent 
over  pressure  in  the  event  of  the  furnace-crown  becoming  bare, 
and  such  a  discharge  of  dry  steam  will  often  have  little  or  no 
effect  in  retarding  the  combustion.  On  the  contrary,  if  wo  may 
believe  the  testimony  of  many  firemen  and  engineers,  on  the 
melting  of  the  plug,  the  discharge  of  steam  over  a  bright  lire 
greatly  increases  the  heat  of  combustion,  the  appearance  of  the 
furnace  being  changed  from  a  rod  to  a  white  heat.  That  this, 
under  certain  favourable  conditions,  would  take  place  there  can 
be  little  doubt,  and  it  is  probably  one  reason  why  fusible  plugs 
have  been  found  ineffective  in  preventing  furnace  tube  collapse. 
When,  however,  the  discharge  of  water  or  wet  steam  over  the 
fire  is  large,  conlbustion  will  bo  retarded,  the  pressure  relieved, 
and  w  arning  of  danger  given. 


PRESSURE  GAUGES. 

Besides  having  an  ellicient  self-acting  apparatus  for  pre- 
venting the  accumulation  of  an  undue  pressure  of  steam,  it  is 
highly  desirable  as  a  check  on  the  safety-valve  and  for  obvious 
reasons,  if  not  absolutely  necessary  for  safety,  that  the  boiler 
should  be  provided  with  a  trustworthy  pressure  gauge  for  indi- 
cating the  steam  pressure  at  any  moment. 

The  steam-pressure  gauges  almost  universally  employed  are  of 
two  kinds,  viz.  :  1,  the  mercurial  guage  ;  and  2,  the  dial  gauge. 
Of  the  first  there  are  various  descriptions,  the  simplest  con- 
sisting of  a  long  glass  |J  tube  containing  mercury,  open  at  one 
end  to  the  atmosphere,  and  at  the  other  end  in  connection  with 
the  steam  in  the  boiler.  The  pressure  of  steam  is  balanced  by 
the  column  of  mercury,  the  various  heights  of  the  column 
corresponding  to  the  steam  pressure,  being  read  oil*  on  a  plainly 
marked  scale  alongside  the  tube.  When  the  steam  pressure 
exceeds  that  due  to  the  height  of  the   mercurial  column, 
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measured  from  the  top  of  the  tube  where  it  is  opon  to  the  air, 
the  mercury  is  forced  out  and  allows  the  steam  or  water  to 
escape.  The  area  of  the  glass  tube  is  in  most  cases,  however, 
too  small  to  liberate  the  pressure  with  sufficient  rapidity  to 
admit  of  this  apparatus  being  relied  upon  as  a  safety  valve. 
Instead  of  a  glass  tube  one  of  iron  or  brass  is  sometimes  used. 
The  height  corresponding  with  the  pressure  is,  in  this  case, 
indicated  by  a  light  rod  connected  with  a  float  on  the  surface  of 
the  mercury. 

When  the  legs  of  the  tube  are  of  equal  diameter  a  fall  of 
one  inch  on  one  side  will  cause  a  rise  of  one  inch  on  the  other, 
the  difference  in  the  level  will  therefore  be  two  inches,  which  is 
nearly  equal  to  one  pound  pressure,  or,  strictly  speaking,  is 
equal  to  *981b.  pressure  per  square  inch  above  the  atmosphere, 
or,  lib.  pressure  =  1*02  inches  rise  in  one  leg.  Hence 
P  =  L  x  #49.. .(1),  where  P  =  pressure  in  pounds  per  square  inch 
above  the  atmosphere,  and  L  =  difference  in  level  in  inches. 
When  the  tube  legs  are  of  different  diameters  the  pressure  is 
readily  deduced  from  the  height  in  the  open  leg  and  the  ratio  of 
the  diameters. 

Let  h  =  rise  of  the  mercury  in  leg  of  tube  open  to  atmosphere, 
d  =  diameter  of  ditto, 

D  =  diameter  of  tube  in  communication  with  boiler, 
then  the  descent  of  the  mercury  in  the  tube  in  communication  with 

h  d2 

the  boiler  will  be  =         and  the  difference  in  the  levels  will 

be  *  =  (2) 

and  P  =  7i  (1  +  ^)x  *49  (3) 

If  it  be  be  desired  to  graduate  the  scale  to  indicate  directly 
the  excess  of  pressure  in  the  boiler  above  the  atmospheric  pres- 
sure, the  length  of  the  divisions,  calling  them  inches,  can  bo 
found  thus — 

By  making  D  very  much  larger  than  d  wnen  it  is  required  to 
increase  the  scale  for  marking  small  variations  of  pressure,  and 
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tho  fraction        becomes  very  small,  it  may  bo  neglected,  and 

the  column  of  mercury  in  the  open  branch  measures  the  excess 
of  pressure.  On  tho  other  hand,  by  making  d  greatly  larger 
than  D,  which  is  often  done  for  convenience  with  high  pressures, 
the  length  of  scale  may  bo  reduced  at  pleasure. 

The  above  formula  (2)  will  not,  however,  give  the  precise 
difference  of  level,  especially  in  the  last-mentioned  arrangement, 
in  consequence  of  the  quantity  of  water  that  lodges  on  the 
mercury  in  the  branch  of  the  tube  communicating  with  tho 
boiler.  In  order  to  correct  the  error  likely  to  arise  from  this 
source  it  is  advisable  to  fill  tho  boiler  branch  of  tho  tube  full  of 
water,  and  take  the  point  whero  tho  mercury  now  stands  at  0, 
and  make  allowance  for  tho  difference. 

As  the  specific  gravity  of  mercury  is  13*0,  tho  difference  of 
level  when  the  two  branches  aro  of  tho  same  diameter  will  now 
stand  h  X  1*92  instead  of  h  X  2.  Formula  (2)  may  bo 
written — 

L  =  h  fl  +  0'92 

As  long  as  the  tube  branch  is  kept  full  of  water  this  last 
formula  will  give  tho  correct  difference  in  loveL 

In  order  to  avoid  the  inconvenience  of  having  a  long  tube, 
the  plan  is  sometimes  adopted  of  closing  the  end  of  one  branch 
und  leaving  a  column  of  air  in,  which  resists  by  compression 
the  steam  pressure  in  the  other  branch.  These  gauges,  how- 
over,  in  courso  of  time  become  inaccurate  from  tho  oxidising  of 
tho  mercury  and  tho  consequent  reduction  in  the  volume  of  air. 

The  inconvenience  arising  from  tho  glass  in  contact  with  tho 
mercury  becoming  dull,  and  tho  liability  to  fracture,  besides 
other  disadvantages,  especially  when  steam  of  high  pressure  is 
used,  have  led  to  tho  rejection  of  mercurial  pressure  gauges  in 
favour  of  metallic  or  dial  gauges,  as  they  are  usually  called, 
which,  although  loss  accurate  and  reliable,  are  better  liked  for 
their  convenient  shape,  facility  of  fixing,  and  small  cost. 

The  "  Bourdon"  dial  gauge,  in  which  the  principle  of  action 
is  the  tendency  of  a  curved  tube  closed  at  ono  end  to  become 
Atraight  when  subject  to  internal  pressure,  when  well  made  is 
perhaps  tho  best  in  general  use.  But  since  the  patent  right 
lias  lapsed  many  wretchedly  constructed  and  untrustworthy 
articles  are  sold  as  Bourdon  gauges, 
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In  all  metallic  spring  gauges  the  connecting  pipe  should  have 
one  or  more  bends  in  it  close  to  the  gauge  filled  with  water, 
which  serves  to  transmit  the  pressure,  and  keeps  the  spring  at 
a  nearly  constant  and  low  temperature.  In  consequence  of 
the  large  surface  of  pipe  exposed  to  the  air  the  water  in  the 
pipe  and  tube  is  kept  cool,  but  it  has  the  disadvantage  of  being 
liable  to  freeze  in  winter  when  in  exposed  situations. 

For  convenience  of  removal  or  examination  when  the  boiler 
is  at  work  all  pressure  gauges  or  their  connections  should  be 
provided  with  suitable  stop  cocks  to  shut  oft'  the  communication 
with  the  boiler.  Yet,  in  consequence  of  the  risk  of  deranging  or 
breaking  the  gauge  by  suddenly  letting  on  or  shutting  off  the 
pressure  some  engineers  prefer  attaching  their  gauges  without 
stop  cocks. 

In  a  range  of  boilers  each  should  be  provided  with  a  separate 
pressure  gauge,  which  should  never  be  placed  on  the  steam  pipe, 
or  where  there  is  a  current  of  steam  flowing  past  the  point  from 
which  the  pressure  is  taken.  In  such  situations  they  cannot  be 
expected  to  indicate  the  correct  pressure.  The  best  position 
is  on  the  boiler,  or  as  near  as  possible,  where  there  is  no  rapid 
motion  of  the  steam,  and  where  they  are  immediately  under  the 
eye  of  the  boiler  attendant,  but  out  of  reach  of  rough  usage. 

WATER  GAUGES. 

The  presence  of  some  means  of  ascertaining  with  certainty 
the  water  level  at  any  moment  is,  with  many  kinds  of  boilers,  of 
even  greater  importance  than  an  efficient  pressure  gauge. 

If,  on  the  one  hand,  the  water  is  too  low,  there  is  a  danger, 
especially  in  internally  fired  boilers,  of  overheating  the  furnace 
plates  ;  and,  on  the  other  hand,  if  the  water  level  is  too  high, 
there  is  a  risk  of  priming  and  other  inconveniences. 

The  apparatus  usually  employed  for  indicating  the  water  level 
are  gauge  cocks,  glass  water  gauges,  and  floats. 

Gauge  cocks  or  valves  of  various  designs,  too  numerous  to 
mention,  are  perhaps  the  oldest  and  most  generally  used  means 
for  this  purpose.  They  are  generally  two  in  number,  placed  one 
at  the  highest  and  the  other  at  the  lowest  position  it  is  con- 
sidered desirable  to  have  the  water  level.  When  the  surface  of 
the  water  stands  between  the  two  cocks  it  is  evident  that  steam 
will  issue  from  the  upper,  and  water  from  the  lower,  when  the 
cocks  are  opened.  To  ensure  greater  accuracy  in  the  indications 
of  the  water  level  the  number  of  cocks  may  be  increased. 
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In  fiat-ended  boilers  the  cocks  are  usually  placed  on  the  front 
end.  In  order  to  avoid  errors  in  indication  which  too  often 
arise  from  the  agitation  of  the  water,  the  cocks  are  sometimes 
screwed  into  a  hollow  tube  of  brass  or  cast  iron  attached  to  the 
boiler,  with  its  ends  opening  into  the  steam  and  water  spaces 
sufficiently  far  removed  from  the  surface  to  be  out  of  reach  of 
the  violent  agitation  of  the  water.  In  egg- ended  and  other 
boilers  encased  in  brickwork  above  the  water  level,  the  cocks  aro 
usually  attached  at  or  near  the  crown.  The  height  of  the  water 
in  such  cases  is  found  by  carrying  small  internal  pipes  from  the 
cocks  to  the  levels  between  which  the  surface  of  the  water  is  to 
be  maintained. 

For  the  purpose  of  obviating  the  inconvenience  arising  out  of 
iho  necessity  of  turning  the  gauge  cocks  by  hand,  a  great  variety 
of  glass  water  gauges  have  been  introduced,  by  which  the  water 
level  is  rendered  self-indicating.  Tho  oldest  and  simplest  of 
these  consists  of  a  glass  tube,  tho-  top  and  bottom  of  which  com- 
municate by  means  of  suitable  fittings  with  the  steam  and  water 
spaces  respectively.  The  level  of  the  water  within  the  gla>s  is 
taken  to  be  the  same  as  that  within  tho  boiler,  and  is  always 
beforo  the  eyes  of  tho  attendant.  To  facilitate  renewing, 
cleaning,  or  repacking,  tho  glass  gauge  should  always  be  provided 
with  cocks  for  shutting  off  tho  communication  with  the  boiler, 
and  also  a  third  cock  for  emptying  the  glass  when  it  is  required 
to  drain  off  the  water  and  to  ascertain  if  the  apparatus  is 
working  properly.  This  drain  cock  should  always  be  provided 
with  a  waste  pipe  of  ample  size,  and  free  from  sharp  In  nds,  for 
carrying  away  tho  waste  water  from  the  boiler  plates.  The 
neglect  of  this  provision  often  results  in  severe  corrosion  of  the 
front  end-plate  of  furnace- tube  and  locomotive  boilers.  There 
should  always  be  provisions  for  cleaning  out  the  steam  and 
water  passages  of  tho  gauge  when  the  boiler  is  at  work,  in  the 
event  of  their  choking  up  with  dirt  or  incrustation.  The 
cleaning  can  bo  safely  effected  by  using  a  suitable  piece  of  bent 
wire.  The  absence  of  these  provisions  is  a  defect  of  many  of 
the  patented  gauges  in  use.  A  common  elefect  met  with  in 
most  kinds  of  glass  water  gauges  is  the  small  diameter  of  the 
steam  and  water  passages.  These  are  seldom  more  than  £ 
inch,  whereas  they  should  seldom  be  less  than  i  inch  diameter. 
In  the  ordinary  gauge  the  cocks  are  made  either  as  plug  taps 
or  as  packed  gland  taps,  the  latter  being  used  for  the  purpose  of 
concealing,  but  not  preventing,  the  leakage  that  takes  place  when 
the  taps  are  allowed  to  get  out  of  order.    It  is  the  custom  to 
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make  the  drain  cock  smaller  than  the  others,  whereas  it  should 
have  the  largest  bearing  surface,  being  used  probably  thirty  times 
a  day,  whilst  the  others  are  not  used  more  than  twice  or  thrice, 
and  frequently  not  so  often.  The  effect  of  the  present  fashion 
of  making  these  taps  too  small  is  the  dirty  coDdition  too  many 
boiler  fronts  are  found  in,  especially  when  brackish  and  other 
hard  waters  are  used,  These  taps  often  wear  unevenly  by  being 
turned  one  quarter  round  and  back  again  every  time  they  are 
ased.  Taps  always  wear  better  when  they  are  turned  com- 
pletely round.  In  order  to  enable  this  to  be  done,  and  to 
facilitate  their  regrinding,  it  is  best  to  make  the  handle  as  a 
loose  spindle,  with  a  stop  at  each  end,  and  working  freely  in  an 
eye  on  the  end  of  the  plug  or  key  as  it  is  called.  The  handles 
are  often  made  so  weak  as  to  be  wrenched  off  without  much 
exertion  in  attempting  to  turn  the  cocks.  For  comfort  in 
grasping,  the  handles  may  be  covered  with  leather.  The  method 
of  fitting  the  handle  on  to  a  square  on  the  end  of  the  key  has 
frequently  led  to  the  unsuspected  emptying  of  the  boiler  down 
to  the  level  of  the  water  passage,  from  carelessly  putting  the 
handle  on  at  the  wrong  angle.  Such  an  occurrence  as  the 
escape  of  the  water  through  the  gauge,  in  consequence  of  the 
breakage  of  the  glass  overnight,  when  the  fires  are  banked  up, 
can  be  prevented  by  shutting  off  the  communication  between  the 
water  passage  and  the  boilers.  In  ordinary  sized  furnace  tube 
boilers  the  lowest  visible  point  of  the  glass  should  never  be  less 
than  5  inches  or  6  inches  above  the  highest  point  of  the  internal 
flues.  In  some  cases  it  is  desirable  to  increase  this  distance. 
In  consequence  of  the  small  steam  space  in  locomotive  boilers 
this  distance  is  seldom  more  than  three  inches,  but  the  greater 
care  with  which  the  water  gauge  is  watched  on  this  class  of 
boiler  renders  a  less  margin  of  safety  admissible. 

In  using  dirty  water,  or  when  a  large  quantity  of  soda  is  in- 
troduced into  the  boiler,  the  level  of  the  water  in  the  gauge  is 
rendered  unsteady  and  unreliable  in  consequence  of  the  water 
boiling  over  through  the  steam  passage.  This  annoyance  is 
easily  obviated  by  carrying  a  small  pipe  well  up  into  the  steam 
space,  out  of  reach  of  disturbance  by  the  ebullition.  Glass 
water  gauges  as  usually  constructed  are  not  suitable  for  exter- 
nally fired  boilers  with  a  mass  of  brickwork  in  front  or  with  a 
wheel  draught,  unless  the  feed  water  is  very  free  from  im- 
purities, as  the  long  horizontal  steam  and  water  spaces  necessi- 
tated are  liable  to  become  rapidly  choked  up  and  to  render  the 
gauge  a  source  of  trouble.    To  overcome  the  difficulty  arising 


WATER  GAUGES. 


1U9 


out  of  tiio  long  passages,  some  engineers  have  adopted  the  plan 
of  attaching  a  cylinder  to  tho  front  end  of  externally  fired 
plain  cylindrical  boilers.  This  cyliuder  projects  through  tho  brick- 
work and  to  its  flat  end  tho  water  gauge  is  conveniently  fixed. 

It  is  always  advisable  to  have  two  water  gauges  to  a  boiler, 
tho  one  being  a  check  upon  the  other,  and  acting  as  a  re- 
serve in  case  of  a  glass  breaking,  or  any  other  accident  happen- 
ing to  a  single  gauge.  As  to  tho  best  position  for  the  gauge, 
it  should  bo  at  tho  furnace  end  of  the  boiler,  where  it  is  under 
tho  eyo  of  the  attendant.  It  mubt,  however,  bo  admitted  that 
it  is  here  most  liablo  to  tho  disturbing  influences  that  takb 
place  inside  the  boiler,  which  render  its  indications  inaccurato 
and  misleading  unless  proper  precautions  are  taken  to  obviate 
these  objections. 

It  has  been  proposed  to  insert  a  pioco  of  glass  in  tho  boiler 
front  or  other  accessible  position,  to  enable  the  water  level 
inside  tho  boiler  to  bo  directly  seen  and  read  olF  against  an 
internal  scale  introduced  for  tho  purpose.  It  would,  however, 
bo  necessary,  at  the  same  time,  to  illuminate  the  interior  of  tho 
boiler  by  means  of  a  lamp  shining  through  another  opening. 
Such  an  arrangement  could  only  bo  satisfactorily  applied  to 
waters  free  from  such  impurities  as  would  be  likely  to  besmear 
tho  scale  and  inside  tho  gkiss. 

The  water-level  indicator  most  commonly  used  for  externally 
fired  boilers  is  tho  float.  Tho  common  arrangement  of  this 
apparatus  with  its  external  counterbalance  and  pulley  is  too 
well  known  to  require  description.  Besides  this,  there  are  nu- 
merous other  arrangements,  some  of  which  have  the  counter- 
balance inside  tho  boiler,  and  indicate  the  water  level  by  means 
of  an  external  index-lever.  To  the  common  float  is  sometimes 
added  a  whistle,  arranged  to  blow  and  give  warning  by  self- 
acting  gear  when  the  water  level  descends  to  a  certain  point 
beyond  which  it  is  considered  not  safe  to  sink.  The  well-known 
defect  attending  the  use  of  the  common  float  is  the  liability  of 
the  wire  passing  through  the  stuffing  box  to  stick  fast  from 
being  too  tightly  packed,  or  from  being  bent  when  the  boiler  is 
being  cleaned  out.  This  wire  should  never  be  made  of  iron,  as 
it  rapidly  corrodes,  destroys  the  packing  and  allows  the  steam 
to  pass,  and  then  an  attempt  at  tight  packing  is  sure  to  follow\ 
Many  engineers  prefer  having  the  wire  not  more  than  J  inch 
thick,  as  it  is  more  easily  packed  without  the  aid  of  a  stuffing 
box  and  gland,  and  does  not  so  easily  become  permanently  bent 
as  a  f  or       inch  wire,  so  commonly  used. 
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In  consequence  of  the  difficulty  above  mentioned  in  connec- 
tion with  the  use  of  glass  water  gauges,  the  float  is  to  be 
preferred  for  plain  externally  fired  boilers,  but  there  should 
always  be  two  to  each  boiler.  When  carefully  constructed  and 
not  neglected,  the  float  is  a  reliable  water-level  indicator,  but 
it  requires  a  great  deal  of  attention  to  keep  it  in  order.  It  may 
be  placed  in  any  part  of  the  boiler  where  it  is  not  affected  by 
the  broken  water  produced  by  violent  ebullition,  and  where  it 
is  least  likely  to  interfere  with  the  cleaning  and  examination  of 
the  boiler  or  circulation  of  the  water. 

BLOW-OUT  APPARATUS. 

The  bottom  blow-out  apparatus  is  used  not  only  for  empty- 
ing the  boiler,  but  also  for  getting  rid  of  some  of  the  dirt  and 
sediment  in  the  boiler  by  discharging  a  limited  quantity  of 
water  at  intervals  with  the  steam  up.  It  is  therefore  important 
that  the  apparatus  should  work  freely  and  be  conveniently 
situated.  Being  placed  at  the  bottom  where  it  can  completely 
drain  the  boiler,  it  is  of  still  greater  importance  that  its  tight- 
ness can  be  depended  upon  when  the  apparatus  is  shut,  as  a 
small  amount  of  leakage  continued  for  a  length  of  time  might 
involve  the  overheating  of  the  furnace  plates  and  the  destruc- 
tion of  the  boiler. 

For  freedom  in  working,  valves,  if  properly  made,  are  supe- 
rior to  taps  even  of  the  best  construction,  but,  as  a  rule,  they 
are  not  so  trustworthy,  and  therefore  should  not  be  employed. 
Valves  of  nearly  every  description,  whether  conical,  disc,  or 
sluice,  have  all  the  same  fatal  defect,  viz., — liability  to  mislead 
when  apparently  closed.  A  small  chip  or  piece  of  incrustation 
getting  on  the  seat  of  a  conical  valve  will  prevent  its  closing 
tightly  when  to  all  outward  appearance  it  may  seem  quite  shut. 
The  accumulation  of  deposit  at  the  bottom  of  the  casing  under  a 
sluice  valve  may  soon  render  its  closing  securely  impossible, 
and  although  screwed  down  hard  and  fast  the  valve  may  still 
be  slightly  open.  By  using  care,  and  counting  the  number  of 
turns  given  to  the  spindle  in  opening  and  shutting,  and  mark- 
ing the  exact  point  the  handle  should  return  to  when  closed,  it 
may  be  ascertained  whether  the  valve  be  closed  or  not.  But 
it  is  just  the  exercise  of  this  care  that  cannot  be  reckoned  upon, 
and  the  absence  of  which  renders  the  employment  of  valves  in 
critical  situations  so  dangerous. 

The  duty  of  filling  the  boiler  and  lighting  the  fire  after 
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cleaning,  often  devolves  upon  some  other  than  the  regular 
attendant,  who,  after  screwing  down  the  valve  concludes  all 
is  right  and  tight,  and  seeing  plenty  of  water  in  tho  gauge 
leaves  tho  boiler  to  itself  for  an  hour  or  two.  Tho  valve 
after  all  may  have  been  prevented  from  closing  properly  by 
some  obstruction  on  tho  seat.  Tho  result  follows  that  the 
water  escapes  unperceived  through  tho  valve,  the  furnace 
plates  become  drained  and  overheated,  and  if  there  be  any 
steam  in  tho  boiler  tho  flues  collapse  or  tho  shell  is  rent.  Such 
cases  have  frequently  happened.  From  tho  qnict  manner  in 
which  the  water  escapes  when  thero  is  no  pressure  in  tho 
boiler,  its  loss  is  then  more  likely  to  happen  unperceived  than 
when  the  boiler  is  at  work,  as  tho  hot  water  in  escaping  under 
pressure  usually  makes  some  audible  or  visible  sign. 

The  valve  that  is  least  likely  to  cause  deception  in  not  closing 
tightly  is  a  kind  of  butterfly  valve  with  triangular  openings, 
where  the  flat  disc  forming  tho  valve-lid  revolves  on  the  valve 
faco  which  it  is  prevented  from  leaving  by  a  guard,  which,  how- 
ever, requires  adjusting  as  tho  faces  wear.  These  valves  work 
very  freely  and  are  perhaps  as  reliablo  as  some  gland  taps. 

With  a  tap  in  good  order  there  can  be  no  deception  as  to 
whether  it  is  closed  or  not  when  turned  off,  and  so  far  as  trust- 
worthiness is  concerned,  they  aro  better  adapted  for  blow- out 
apparatus  when  properly  constructed,  than  any  kind  of  valve. 

Tho  principal  drawback  to  taps  of  all  kinds  is  the  manner  in 
which  they  stick  fast  from  becoming  corroded  or  incru-U-d 
together  when  not  used  frequently,  or  from  the  quicker  expan- 
sion of  the  plug  compared  with  the  shell  on  being  turned  on. 
Tho  remedy  for  the  first  evil  or  defect  is  obvious,  and  tho 
best  means  for  remedying  the  second  is  to  work  the  plug 
gently  backwards  and  forwards  until  the  shell  is  heated  through, 
when  the  tap  may  be  fully  opened  and  shut  again  immediately, 
with  comparative  ease.  This  is  better  and  safer  than  suddenly 
turning  the  tap  full  on  with  the  aid  of  a  dangerously  long  lever, 
and  waiting  until  the  shell  is  heated  sufficiently  to  turn  it  off 
again.  The  tendency  to  stick  fast  is  greatly  aggravated  when 
the  casing  is  made  of  cast  iron  and  the  plug  of  brass,  a  practice 
which  should  be  altogether  condemned,  since  it  has  been  pro- 
ductive of  serious  inconvenience  and  even  disaster.  It  is 
seldom  that  the  taps  about  boilers  are  found  sufficiently  hard  to 
wear  well,  being  made  of  red  brass  instead  of  gun  metal,  for 
the  sake  of  being  more  easily  fitted  up  and  refitted,  and  also,  of 
course,  to  save  first  cost,     AVhen  two  metals  of  the  same 
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nature  ar8  pressed  together  with  considerable  force  and  allowed 
to  remain  in  contact  for  some  time,  they  are  apt  to  cohere  or 
6 ( seize."  This  tendency  is  increased  by  making  the  metals 
soft,  and  is  one  cause  of  the  sticking  fast  of  taps.  It  may,  in 
some  measure,  be  obviated  by  making  the  plug  and  shell  of 
slightly  different  alloys,  the  former  being  the  softer  as  it  is 
more  easily  replaced  when  worn  out.  As  a  rule,  blow-out  taps 
are  made  too  short  or  have  too  little  bearing  surface  to  last 
long  without  regrinding,  and  the  universal  practice  of  turning 
the  taps  one  quarter  round  for  opening,  and  then  back  again 
for  closing,  causes  uneven  wear  and  leakage.  Every  time  the 
tap  is  opened,  it  should  be  shut  by  giving  it  another  quarter 
revolution  in  the  same  direction  ;  by  this  means  the  tap  wears 
more  evenly  and  lasts  longer  without  regrinding. 

There  is  a  great  difference  of  opinion  respecting  the  best 
taper  for  large  taps,  some  advocate  1  in  4,  others  1  in  6.  The 
former  sometimes  cannot  be  kept  tight,  and  the  latter  are  liable 
to  stick  fast  if  screwed  down  sufficiently  to  prevent  leakage. 
The  circumstances  to  be  considered  in  determining  the  taper  in 
any  case,  are  the  steam  pressure  used,  the  hardness  of  the  metal, 
frequency  of  lubrication,  and  nature  of  the  lubricant  and  water 
employed.  For  pressures  of  20  or  30  lbs.  a  taper  of  1  in  4  is 
found  to  work  well,  but  for  pressures  of  90  or  100  lbs.  a  taper 
of  1  in  6  is  necessary  to  insure  tightness. 

In  the  common  plug  tap  the  nut  securing  the  plug  is  liable 
to  work  loose  and  drop  off  without  being  observed,  as  the  tap 
is  usually  placed  in  a  position  difficult  of  access  and  examina- 
tion. Serious  cases  of  scalding  have  been  occasioned  by  the 
blowing  out  of  the  plug  from  this  defect.  For  facility  of  ob- 
servation the  tap  is  best  arranged  horizontally,  and  the  plug 
should  be  further  secured  by  a  guard  to  prevent  it  from  being 
blown  out  in  case  the  nut  should  drop  off  from  the  thread  strip- 
ping, or  other  cause.  Such  an  occurrence  could,  however,  be 
prevented  by  simply  putting  in  a  pin  through  the  bolt  behind 
the  nut. 

In  order  to  avoid  the  risk  of  the  plug  blowing  out,  as  well 
as  to  conceal,  but  not  cure,  the  leakage  which  takes  place  when 
the  tap  requires  regrinding,  packed  gland  taps  with  a  closed 
bottom  are  used  by  many  of  the  best  makers,  and  to  obviate 
the  stiffness  produced  by  the  friction  of  the  packing  against  a 
large  surface,  compound  gland  taps  are  sometimes  used,  but 
with  questionable  success.  It  is  still  an  open  question  whether 
the  best  description  of  gland  tap  is  better  than  the  old-fashioned 
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plug  tap  provided  with  a  guard  for  tho  plug.  Many  cases  havo 
occurrod  of  tho  water  leaking  to  a  dangerous  extent  past  the 
plug  in  a  gland  tap  without  being  detected  in  time,  an  event 
much  less  likely  to  occur  with  the  simpler  description  of  tap. 
In  using  gland  taps  with  brackish  or  other  very  hard  water,  the 
plug  is  sometimes  prevented  from  being  screwed  down  to  its 
seat  by  an  accumulation  of  incrustation  which  has  taken  place 
between  tho  casing  and  tho  bottom  of  the  plug.  This  is  likely 
to  happen  when  tho  gland  nuts  aro  eased  back  to  allow  the  plug 
to  rise  and  oase  itself  for  turning  readily,  a  practice  often  neces- 
sitated by  tho  faulty  construction  or  defectivo  condition  of  tho 
tap.  Such  an  occurrence  could  not  possibly  happen  with  an 
ordinary  open-bottom  tap.  Inverted  plug  taps  with  hollow 
plugs  designed  to  be  kept  tight  aj^mRt  their  casing  by  the  in- 
ternal pressure,  and  those  arra/lged  to  discbarge  through  the 
open  plug  bottom,  cannot  bJ*  recommended.  However  wvll 
such  taps,  when  of  small  size  may  be  found  to  answer  in  cer- 
tain situations,  they  are  not  j^tisfactory  when  of  large  size,  and 
aro  not  adapted  for  using  in  ibnnection  with  waste  pipes.  / 

The  practice  of  making  thV  blow-out  apparatus  of  furnace 
tube  boilers  without  waste  pipe^s^annot  be  too  strongly  con- 
demned. Too  frequently  tho  hot  water  ia  discharged  into  a 
drain  only  a  fow  inches  below  the  floor  lino,  from  which  it  re- 
bounds, and  renders  tho  duty  of  blowing  off  a  very  dangerous 
one  ;  at  the  same  time,  it  is  advisable  that  tho  end  of  the  wasto 
pipe  should  not  be  placed  altogether  out  of  sight,  so  that  any 
leakage  which  may  take  place  may  be  detected. 

As  the  safety  of  a  boiler  depends  so  much  upon  the  condition 
of  the  blow-out  apparatus,  the  task  of  blowing  out  should  bo 
regularly  performed  at  least  once  a  day  by  the  engineer  in 
charge,  and  should  not  be  left  to  tho  fireman. 

In  tubular  boilers,  for  facility  of  access,  tho  blow-out  tap 
,  should  be  placed  clear  of  the  front  end,  and  connected  by  a 
I  short  elbow  pipe  with  the  mouthpiece  or  branch  riveted  to  the 
boiler  bottom.  This  pipe  as  well  as  the  cock  should  be  care- 
fully protected  from  contact  with  moisture  and  ashes,  which  too 
often  find  their  way  beneath  the  floor  plates  and  cause  the  rapid 
destruction  of  the  pipe,  if  not  properly  protected  or  made  of 
copper.  Comparatively  few  externally  fired  boilers  are  pro- 
vided with  a  blow-out  apparatus.  The  common  practice  is  to 
provide  nothing  further  than  an  iron  taper  plug  which  fits  into 
a  hole  in  the  boiler  bottom  over  the  fire,  by  which  the  boiler  is 
emptied.    The  plug  is  usually  knocked  out,  when  required,  by 
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the  rudest  means  imaginable,  and  it  frequently  happens  that 
the  person,  who  is  bold  enough  to  do  it  before  the  water  is  cold, 
gets  scalded  if  he  is  not  quick  in  making  his  retreat.  In  some 
cases  the  plug  is  more  sensibly  attached  to  a  spindle  passing 
through  a  stuffing-box  on  the  boiler  crown,  and  provided  with 
a  screw  and  handle  to  raise  it  with.  Means  should  always  be 
provided  with  this  arrangement  to  guard  against  the  plug  and 
spindle  being  blown  out  by  the  pressure,  in  case  the  screw  is 
carelessly  turned  round  too  far  and  looses  its  hold  in  the  nut. 

With  plain  cylindrical  boilers,  the  blow-out  apparatus  some- 
times consists  of  a  tap  or  valve,  placed  on  the  boiler  crown  and 
connected  with  an  internal  pipe  reaching  to  within  an  inch  of 
the  boiler  bottom.  This  pipe  may  be  made  to  extend  for  some 
distance  along  the  boiler  to  collect  the  sediment  it  is  required 
to  blow  out.  When  the  apparatus  so  arranged  is  used  for 
emptying  the  boiler,  it  has  the  drawback  of  requiring  the 
emptying  to  be  effected  with  the  steam  up,  a  practice  especially 
dangerous  with  externally  fired  boilers  encased  in  much  brick- 
work. The  blow-out  is  otherwise  arranged  by  carrying  an  ex- 
ternal elbow  pipe  from  the  boiler  bottom  through  the  brickwork 
at  the  side,  or  back  end  of  the  boiler,  terminating  in  a  tap  or 
valve.  For  the  purpose  of  protecting  the  pipe  from  the  im- 
pingement of  the  heated  gases  it  is  loosely  encased  in  brickwork. 
With  this  arrangement  it  is  necessary  to  blow  out  very  fre- 
quently when  the  feed  water  is  of  a  hard  or  muddy  nature,  to 
prevent  the  deposit  filling  the  blow-out  pipe  and  becoming 
baked  hard. 

Remarks  on  surface  blow-out  apparatus  will  be  found  in  the 
chapter  on  Incrustation. 

MANHOLE  COVERS. 

There  is  perhaps  no  better  proof  of  the  ignorance  or  reck- 
lessness that  may  be  displayed  by  makers  of  reputation,  than 
the  number  of  boilers  turned  out  by  them  with  unguarded  man- 
holes. The  too  common  practice  of  cutting  a  piece  of  plate 
about  15  x  12  inches  out  of  a  boiler  shell  without  providing 
any  strengthening  piece  to  the  edge  of  the  hole,  where  the  ten- 
sion on  the  plate  is  concentrated  and  where  it  is  liable  to  be 
further  weakened  by  wasting,  cannot  be  too  severely  censured, 
and  has  already  led  to  numerous  fatal  explosions.  The  platej 
at  the  edge  of  the  hole,  in  such  cases,  has  to  bear,  not  only  the 
strain  from  the  steam  pressure  which  holds  the  cover  up  to  its 
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work,  but  also  what  is  often  much  more  trying,  viz.,  the  strains 
put  upon  it  by  Hcrewing  up  tho  cover,  often  weak  and  defective 
in  shape,  to  make  a  tight  joint,  by  means  of  tho  bolts  suspended 
from  tho  bridge  bars  or  cross  piece  usually  employed.  When 
tho  joint  loaks  from  want  of  stiffness  in  the  plate  itself  or  in 
tho  cover,  or  from  bad  fitting,  or  from  the  presence  of  a  piece  of 
interposed  scale  or  hard  substance  in  tho  cement  or  India  rubber, 
tho  cover  is  perseveringly  screwed  up,  and  it  becomes  merely  a 
question  of  time,  and  power  available  for  screwing  up,  for  tho 
plate  to  become  buckled  and  fractured  at  tho  edge  of  tho  hole  at 
right  angles  to  tho  cross  piece,  which  unfortunately  is  usually  in 
the  position  most  likely  to  prove  fatal  to  tho  existence  of  tho 
boiler.  In  boilers  at  work  the  edges  of  these  unstrengthened 
manholes  are  sometimes  found  split  in  four  or  five  places,  any 
of  which  fractures  are  ready  with  a  little  overpressure  in  tho 
boiler,  or  with  a  littlo  additional  wasting,  to  develop  into  tho 
primary  rent  of  an  explosion.  In  rag-boilers  these  unguarded 
manholes  are  sometimes  as  largo  as  30 "  x  24". 

Tho  edgo  of  the  plate  can  bo  cheaply  and  adequately  strength- 
ened by  riveting  on  a  ring  of  wrought  iron.  These  rings  are, 
however,  too  often  so  paltry,  and  applied  in  such  an  ignorant 
manner,  that  their  application  tends  rather  to  aggravate  than 
lessen  the  evil  they  are  supposed  to  obviate.  The  ring  Bhould 
bo  at  least  ft"  thick  and  4  inches  wide,  so  that  the  rivet  holes 
at  3  inches  centres,  and  not  G  or  7  as  is  usual,  may  bo  kept 
well  away  from  tho  edgo  of  tho  hole.  These  internal  covers  made 
to  fit  the  curvature  of  the  shell  are  an  unmcchanical  job  at  tho 
best,  and  a  tight  joint  can  never  be  depended  upon  with  them. 

It  is  far  better,  in  all  cases,  to  have  a  flat  face  on  which  to 
make  a  good  joiut  with  the  lid,  which  should  bo  secured  by 
strong  studs  or  bolts  and  nuts.  This  can  be  contrived  in 
various  fashions,  either  as  a  cast-iron  branch  or  mouth-piece,  or 
where  lightness  is  aimed  at,  of  wrought  iron,  or  as  a  simple 
stout  ring  when  the  size  and  construction  of  the  boiler  make  it 
difficult  to  enter.  The  longer  the  neck  of  the  mouth-piece  the 
larger  should  be  its  diameter.  If  it  bo  more  convenient  to 
have  the  cover  internal  as  for  the  mud  holes  at  the  front  end  of 
double-furnace-tube  boilers,  it  can  still  bo  made  with  a  faced 
Joint,  and  held  up  by  means  of  a  bridge  bar  and  bolts  and  nuts. 

MUD  HOLES. 

Mud  holes  should  always  be  provided  at  the  front  end  of 
double  fined  boilers,  as  their  absence  necessitates  lifting  the  dirt 
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from  the  boiler  bottom  up  through  the  manhole,  which  increases 
the  labour  and  greatly  interferes  with  the  effective  cleaning  of 
the  boiler.  Moreover,  the  want  of  ventilation  through  the 
boiler  from  the  absence  of  a  bottom  opening  keeps  the  interior 
for  a  long  time  damp,  and  increases  the  difficulty  of  examina- 
tion. The  work  of  cleaning  out  Cornish  boilers,  especially 
when  there  are  strengthening  hoops  round  the  tube,  is  very 
difficult  and  tedious,  and  may  be  much  facilitated  by  haying  a 
mud  hole  at  the  front  end.  This,  however,  requires  a  special 
provision,  owing  to  the  limited  amount  of  space  at  the  bottom 
of  these  boilers,  between  the  tube  and  shell.  This  provision 
can  be  well  enough  arranged,  without  materially  weakening  the 
shell  of  the  boiler,  which  is  the  objection  usually  urged  against 
the  adoption  of  this  plan. 

In  boilers,  where  the  construction  does  not  admit  of  any  one 
entering  for  the  purpose  of  cleaning  and  examination,  a  num- 
ber of  mud  holes  and  wash-out  plugs  should  be  provided  where 
they  are  most  likely  to  be  required,  as,  for  instance,  in  agri- 
cultural and  locomotive  boilers,  at  the  firebox  shell  corners 
and  ends  above  the  foundation  ring,  and  also  at  the  front  and 
sides,  to  command  a  range  over  the  crown  of  the  inside  fire- 
box. These  holes  at  the  sides  could  often  with  advantage  and 
safety  be  made  much  larger  than  is  usual,  to  enable  a  man  to 
get  his  arm  in  to  clear  away  the  deposit  which  resists  being  dis- 
placed by  a  jet  of  water  from  the  hose  pipe.  For  clearing  out  the 
barrel  of  these  boilers  wash-out  plugs  should  be  screwed  into  the 
smokebox  tube  plate,  where  there  is  not  room  for  mud  hole  doors, 

Mud  holes  are  sometimes  made  in  the  firebox  bottom  ring. 
These  admit  of  a  rod  being  pushed  up  among  the  stays,  to 
remove  the  concretion  lodging  on  them  ;  but  as  they  are  trouble- 
some to  keep  tight,  they  are  seldom  repeated  in  new  boilers. 

In  many  locomotive  boilers,  manholes  are  wisely  fitted  to 
the  bottom  of  the  barrel,  which  afford  considerable  facilities  for 
examining  and  cleaning  the  plates  and  tubes  in  their  vicinity. 
The  manhole  mouthpieces  are  often  made  of  good  depth,  and 
serve  as  mud  collectors,  when  a  cock  should  also  be  provided  in 
the  cover  for  frequent  blowing-off. 

The  practice  of  simply  screwing  a  taper  wash-out  plug  into 
firebox  shell  plates,  which  seldom  exceed  ^  inch  in  thickness, 
although  convenient  and  cheap,  cannot  be  recommended,  as  the 
scanty  thread  allowed  becomes  rapidly  destroyed  by  the  iron 
rods  introduced  for  removing  the  concretions,  and  the  edges  of 
the  plates  round  the  holes  become  rapidly  reduced  by  corrosion. 
Welding  on  bosses  or  riveting  on  pieces  of  plate,  or  flanged 
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bo^es  for  increasing  the  number  of  threads,  docs  not  got  over 
tho  disadvantage  of  having  the  threads  inside  tho  hole,  and 
\o  obviate  this  it  is  bettor,  in  nearly  all  cases,  to  apply  a 
mouth-pioco  of  brass  or  wrought  iron,  having  an  outside 
thread  and  cap.  For  the  small  mud  holes  or  hand  holes  at  tho 
firebox  water  spaces  of  agricultural  and  locomotive  boilers, 
perhaps  tho  most  convenient  form  of  cover  is  tho  common  in- 
ternal lid,  held  up  to  its  seat  by  a  bow  and  stud.  The  edge 
of  tho  plate  round  these  holes  is,  however,  liable  to  waste  by 
corrosion,  when  tho  joint  is  not  tight.  By  riveting  a  |  or 
£  inch  ring  round  these  holes,  a  good  joint  can  bo  ensured  by 
securing  an  external  cover  by  3  or  4  studs,  which  can  bo 
easily  arranged  so  as  not  to  give  trouble  by  being  liablo  to 
get  bent,  or  by  interfering  with  tho  cleaning. 

In  vertical  boilers  of  tho  small  class  there  should  be  a  hand 
hole  opposite  every  water  tube,  as  well  as  a  few  for  tho  furnace 
crown  and  at  tho  bottom  of  tho  water  space. 

STEAM  DOMES  AND  STEAM  CHAMBERS. 

Notwithstanding  tho  general  opinion  that  tho  presence  of  a 
steam  dome  is  essential  for  obtaining  dry  steam,  and  as  a 
remedy  for  priming,  it  should  bo  regarded  as  an  useless  and 
expensive  appendage  to  a  boiler,  and  as  frequently  applied,  a 
sourco  of  real  danger.  Tho  practice  of  cutting  a  dome  hole 
3  feet  or  even  3  feet  G  inches  diameter  in  a  7  feet  stationary 
boiler,  or  a  2  feet  hole  in  a  4  feet  locomotive  boiler  shell,  with- 
out providing  against  tho  weakening  of  the  plate  involved  any- 
thing further  than  the  dome  plate  itself  and  its  angle  iron  or 
flange,  cannot  but  be  regarded  as  barbarous.  In  many  cases 
the  size  of  tho  dome  and  its  hole  is  limited  by  the  width  of 
tho  shell  plate,  the  whole  of  which,  except  some  5  or  6 
inches  at  each  end  for  the  lap  and  dome  attachment,  is  cut 
away.  Many  instances  may  bo  met  with  in  shells  having  the 
plates  arranged  in  parallel  courses,  where  the  weakened  plate  is 
prevented  from  giving  way  solely  by  tho  support  due  to  the  ad- 
joining plates  overlapping  it  on  the  outside  ;  were  the  dome  or. 
the  outer  instead  of  in  the  inner  belting  of  plates,  the  weakened 
plate  would  inevitably  yield  to  tho  pressure. 

Where  the  steam  user  must  have  a  dome,  there  is  no  neces- 
sity for  cutting  away  the  plate  more  than  sufficiently  to  allow  a 
man  to  pass  through  ;  and  when  the  margin  of  safety  is  small, 
the  edge  of  the  plate  round  the  hole  should  be  adequately 
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strengthened  by  having  a  stout  wrought  iron  ring  riveted  to 
it.  Yet  it  must  be  admitted  that  the  tendency  to  prime  is  in- 
creased as  the  area  of  the  hole  is  diminished. 

The  supposed  advantages  of  a  dome  are  two  in  number, 
viz.  :  1.  By  increasing  the  steam  space,  it  is  supposed  to  act  as 
a  useful  reservoir  of  steam,  to  meet  any  sudden  demand  arising 
out  of  irregular  loads  on  the  engine.  2.  It  is  supposed  to  act 
advantageously  as  an  anti-primer,  since  the  steam,  being  further 
removed  from  the  water,  is  supposed  to  be  less  liable  to  be 
saturated,  especially  when  the  dome  contains  a  perforated  diaph- 
ragm for  arresting  the  passage  of  the  suspended  particles  of  water. 

Now,  with  regard  to  the  first  of  these  statements,  it  can  be 
easily  shown  that  an  ordinary-sized  dome  adds  comparatively 
little  to  the  steam  room  of  a  boiler.  If  we  take,  for  example, 
a  Lancashire  boiler  7  feet  by  30  feet,  the  steam  space  will  be 
about  240  cubic  feet.  With  a  dome  3  feet  by  3  feet  high,  we 
would  have  about  21  cubic  feet  capacity,  which  is  less  than  9 
per  cent,  of  additional  space,  and  this  would  be  exhausted  by 
a  few  strokes  of  the  engine.  But  the  reservoir  of  power  in  a 
boiler  resides  not  so  much  in  the  steam  as  in  the  heated 
water.  With  a  working  pressure  of  60  lbs,  each  cubic  foot  of 
steam  in  the  boiler  will  produce  only  4*65  cubic  feet  of 
steam  at  atmospheric  pressure,  but  1  cubic  foot  of  water 
in  the  boiler  will  produce  nearly  35  times  that  amount, 
for  at  60  lbs.  pressure  the  temperature  of  the  water  is  307*5°, 
or  95*5°  above  the  boiling  point  at  atmospheric  pressure,  and, 
as  every  degree  of  heat  added  to  water  already  at  212°  may 
be  taken  as  competent  to  generate  1*7  cubic  feet  of  steam, 
95 '5°  will  produce  162  35  cubic  feet,  or  nearly  35  times  as 
much  as  1  cubic  foot  of  steam  at  60  lbs,  pressure.  Whence  it 
may  be  concluded  that  in  ordinary  boilers  the  addition  to  the 
power  by  the  reserve  of  steam  in  a  dome  is  insignificant  when 
compared  with  the  power  stored  up  in  the  water.  With 
respect  to  the  second  alleged  advantage,  it  appears  to  be  taken 
for  granted  that  the  higher  the  point  at  wdiich  the  steam  is 
taken  from  the  boiler  and  consequently  more  distant  from 
the  agitated  surface  of  the  water,  the  drier  is  it  likely  to 
be.  Now,  without  considering  the  cooling  effect  on  the  steam 
by  the  circumference  of  a  large  dome  exposed  to  the  atmos 
phere,  this  would  be  a  correct  conclusion  if  the  steam  flowed 
slowly  and  quietly  into  the  dome.  But  this  is  not  the  case 
with  the  engine  at  work,  when  the  steam  rushes  into  and 
through  the  dome  with  great  velocity,  and  is  liable  to  take 
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a  quantity  of  water  along  with  it,  causing  the  steam  in  the  dome 
to  bo  actually  wottor  instead  of  drier  than  tho  steam  in  the  rest 
of  tho  upper  portion  of  the  boiler. 

Priming  is  promoted,  if  not  actually  caused,  by  tho  reduction 
of  pressuro,  and  consequent  increased  ebullition  of  the  water 
immediately  below  that  point  of  tho  boiler  whence  tho  steam 
is  drawn,  which  disposes  tho  water  iu  the  form  of  spray,  to  be 
carried  along  with  tho  ascending  current  of  steam.  Not  only 
is  tho  water  thin  canied  into  the  steam  pipe,  but  also  any  par- 
ticles of  earthy  and  other  foreign  matters  that  may  happen  to 
be  at  tho  broken  surface  of  tho  water.  In  boileri  fed  with 
dirty  water  from  canals  and  drains,  the  inside  of  tho  dome 
sometimes  becomes  plastered  with  mud  and  clay,  several  inches 
thick,  whilst  tho  rest  of  the  steam  space  remains  quite  clean. 

Priming  is  also  probably  duo  in  some  measure  to  tho  How 
of  steam  over  the  surface  to  tho  point  of  efflux,  carrying  par- 
ticles of  water  along  with  it  by  tho  induced  current  it  produces. 

The  various  anti-priming  expedients  usually  employed,  such 
as  tho  insertion  of  perforated  diaphragm  plates  in  the  d«»me, 
and  bafllo  plates  for  beating  back  the  ascending  particles  of 
water  are  seldom  effective,  unless  tho  system  is  elaborately 
carried  out.  Tho  simplest  and  at  the  Bame  time  tho  most 
effective  way  to  prevent  priming  is  to  avoid,  as  far  as  possible, 
causing  any  violent  local  ebullition  or  rapid  current  in  drawing 
off  tho  steam,  which  may  bo  done  by  employing  an  internal 
perforated  pipe,  with  tho  ends  closed  and  fixed  near  the  top  of 
the  boiler,  into  which  tho  steam  can  llow  quietly.  The  longer 
this  pipo  is  made  tho  better.  In  ordinary  stationary  boilers,  a 
pipe  G  or  8  feet  in  length,  with  perforations,  having  a  total 
vrea  considerably  in  excess  of  the  area  of  the  pipe,  is  found 
to  be  all  that  is  required  as  an  anti-priming  apparatus.  The 
larger  the  collective  area  of  the  perforations,  as  compared  with 
the  area  of  the  pipe,  the  more  quietly  will  the  steam  llow 
through  them,  and  when  once  witbin  tho  pipo  and  separated 
from  tho  water,  tho  velocity  of  the  steam  can  have  no  effect  in 
producing  priming. 

Sometimes  the  success  of  this  pipe  is  frustrated  by  carelessly 
leaving  a  large  open  space  between  it  and  the  pipe  leading  the 
steam  away  from  the  boiler,  through  which  a  rush  of  steam 
takes  place,  and  the  action  that  causes  priming  is  induced. 
The  tendency  of  the  perforations  to  choke  up  when  certain 
kinds  of  dirty  water  are  used  has  been  alleged,  in  a  few  rare 
instances,  as  the  cause  that  has  led  to  the  abandonment  of  the 
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pipes.  They  are  successfully  used  on  some  railways  in  loco- 
motive boilers,  having  very  limited  steam  spaces.  When  used 
in  locomotives  the  perforations  should  not  be  carried  too  near 
the  ends  of  the  boiler,  lest  the  water  splashing  back  from  the 
ends  should  gain  admission  to  the  pipe. 

The  tendency  to  prime  may  be  increased  by  urging  the  fire, 
or  by  drawing  the  steam  from  a  point  over  the  furnace  or  where 
the  ebullition  is  violent  ;  by  the  presence  of  grease  and  other 
matters  which  impede  the  free  escape  of  the  steam  from  the 
water  surface,  or  by  the  immoderate  use  of  soda  which  causes  the 
water  to  foam.  New  boilers  and  especially  new  locomotives 
prime  most  in  consequence  of  the  violent  ebullition  that  takes 
place  over  the  clean  heating  surface,  and  also,  sometimes  in 
consequence  of  the  greasy  and  dirty  state  of  the  interior. 

All  the  phenomena  in  connection  with  priming,  have  not 
yet  been  satisfactorily  explained.  Melted  tallow  or  oil  is 
sometimes  injected  into  small  vertical  boilers  to  prevent  priming. 
It  is  supposed  to  have  the  same  effect  on  the  disturbed  surface 
of  the  water  that  oil  has  when  poured  on  a  rough  sea,  so  well 
known.  And  yet  it  cannot  be  disputed  that  the  presence  of 
grease  in  combination  with  other  impurities  increases  the  ten- 
dency of  many  boilers  to  prime. 

When  domes  are  used,  the  opening  at  the  dome  bottom 
should  be  made  as  large  as  possible,  in  order  to  dimmish  the 
tendency  to  prime.  But  in  order  to  maintain  the  strength  ot 
the  shell,  where  a  large  hole  is  made  in  it,  the  plates  round  the 
dome  bottom  will  require  to  be  adequately  strengthened  by 
means  of  a  stout  ring  riveted  round  the  edge  of  the  hole,  or 
else  by  strong  internal  transverse  stays  suitably  arranged  fore 
and  aft  of  the  dome.  Sometimes  the  dome  itself  is  strengthened 
by  shrinking  on  a  strong  wrought  iron  ring  near  the  bottom. 

It  is  sometimes  asserted  in  favour  of  the  use  of  domes  foi 
locomotives,  that  they  form  a  convenient  seat  for  the  safety 
valves,  but  when  these  are  blowing  off  violently,  they  greatly 
increase  the  disposition  to  prime. 


FURNACE  FITTINGS. 

The  furnace  is  usually  comprised  of  mouthpiece  with  doors 
and  bed-plate,  fire  bars,  bridge,  and  ash  pit,  with  or  without 
doors  and  dampers.  In  addition  to  these,  some  arrangements 
of  furnace  have  special  provisions  for  smoke  burning  and  pre- 
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?*!! tint),  cleaning  out  flues  and  firos,  removal  of  clinkers, 
ashes,  <fcc. 

In  externally  firod  boilers,  tho furnace  is  necessarily  made  quito 
distinct  from  the  boiler.  Tho  circumstances  which  determine 
tho  best  height  for  tho  boiler  above  tho  fire  bars  will  be  con- 
sidered in  tho  chapter  on  Firing. 

By  increasing  the  distance  between  tho  firo  and  the  boiler, 
the  perfect  combustion  of  tho  gases  will  be  facilitated,  and  the 
tomperaturo  of  tho  plates  will  Le  reduced.  The  entering  cold 
air  will  also  bo  more  diffused  and  not  so  likely  to  bo  directed 
against  the  hot  shell  to  cause  sudden  contraction. 

Tho  arrangement  of  tho  furnaco  mouthpiece  will  depend 
mainly  upon  the  arrangement  of  tho  flues,  as  the  brickwork  at 
the  front  end  requires  supporting  by  an  arch  or  other  means, 
when  there  is  a  wheel  draught  or  split  draught,  and  only  a  plain 
wall  in  front  of  tho  boiler  is  required  when  a  flash  Hue  is  used. 
With  respect  to  the  best  position  for  tho  fire  door,  which  should 
bo  hinged  to  open  sideways,  and  be  made  double  in  number  if 
the  grato  is  very  wide,  it  should  be  arranged  with  a  view  to  pre- 
vent as  much  as  possible  tho  impingement  of  the  entering  cold 
air  against  tho  hot  shell  plates  when  tho  door  is  thrown  open, 
and  it  should  bo  sufficiently  wide  to  enable  the  fireman  to  dis- 
tribute the  coah  properly  over  the  grato.  It  should  be  kept 
from  12  to  18  inches  from  tho  firo  to  prevent  destruction  by 
the  high  temperaturo  of  tho  furnaco.  The  durability  may  bo 
incroased  and  the  radiation  of  heat  impeded,  by  fitting  a  balHo 
plate  of  wrought  iron  to  tho  door  with  an  air  space  of  2  or 
3  inches  between.  A  casing  or  lining  of  brickwork  is  some- 
times used  behind  the  door  for  this  purpose.  These  dojrs  are 
often  made  excessively  high  for  small  boilers,  about  12"  is 
generally  sufficient  unless  the  grate  is  very  long. 

The  common  practice  of  applying  a  large  casting  for  a  furnaco 
mouthpiece  to  the  front  end  of  an  internally  fired  boiler  must  bo 
discountenanced.  The  castings  are  not  only  cumbersome, 
costly,  and  liable  to  fracture  sooner  or  later,  but  they  conceal 
the  ring  of  rivets  attaching  the  tubes  to  the  end  plate,  which 
aro  best  left  exposed  to  view  for  the  detection  of  leakages 
and  fractures.  The  best  plan  is  to  make  the  mouthpiece 
simply  of  two  wrought  iron  plates  with  an  air  space  between. 
The  outer  plate,  to  which  the  door  is  attached,  may  be  fitted  to 
the  tube  hole  in  the  boiler  front  end  plate,  and  the  j<>inf 
covered  with  a  brass  moulding.  This  arrangement  allows  the 
rivet  heads  to  bo  exposed  to  view,  and  imparts  a  neat  appear- 
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ance  to  the  furnace.    The  plan  of  building  up  the  front  end  of 

the  boiler  with  a  mass  of  brickwork  to  prevent  radiation  should 
never  be  employed,  since  it  is  liable  to  harbour  moisture  in 
contact  with  the  front  end  plate.  Another  great  evil  attending 
this  plan  is  the  concealment  of  any  outward  bulging  that  may 
occur  in  the  event  of  the  failure  or  original  want  of  strength  in 
the  staying.  Many  a  boiler  has  been  saved  from  bursting  by 
the  timely  warning  given  of  weakness  by  the  bulging  of  the  end 
plate,  and  any  plan  which  interferes  with  the  detection  of 
this  should  be  employed  with  extreme  caution.  When  it  is 
desired  to  prevent  loss  of  heat  by  radiation  from  the  front  end,  a 
coating  of  good  non-conducting  composition  may  be  applied  in  a 
suitable  frame,  which  can  be  arranged  to  leave  a  space  between 
the  plates  and  the  non-conducting  material,  to  admit  of  easy 
removal,  and  so  as  not  to  cover  any  of  the  rivet  heads,  except 
those  of  the  stays. 

The  doors  should  be  provided  with  a  sliding  or  revolving 
grid  for  admitting  air  above  the  fire,  the  baffle  plate  being  per- 
forated to  aid  its  distribution.  A  host  of  inventions  for  making 
the  opening  and  closing  of  the  slide  self-acting  have  been 
patented.  As  a  rule,  it  may  be  said  that  these  self-acting  appa- 
ratus are  allowed  to  fall  into  disuse  after  a  short  trial,  as  most 
of  them  soon  get  out  of  order  and  require  a  good  deal  of  keep- 
ing up. 

The  dead  plate,  often  perforated  with  advantage  to  admit  air, 
can  be  secured  to  the  furnace  mouthpiece,  and  arranged  to  rest 
on  the  furnace  sides,  so  as  to  dispense  with  brackets  secured  by 
bolts  to  the  plates  which  are  liable  to  leak,  and  in  consequence 
should  always  be  as  few  as  possible. 

The  fire  bars  are  usually  made  of  cast  iron.  The  numerous 
shapes  in  which  bars  are  made  have  been  adopted  mainly  with 
a  view  to  increase  their  durability,  according  to  the  experience  or 
theoretical  notions  of  their  designers.  For  easy  handling,  the 
bars  should  not  much  exceed  three  feet  in  length.  In  order  to 
facilitate  the  access  of  air,  the  fall  of  the  ashes  and  clinkers, 
and  the  cleaning  of  the  fire  from  below,  the  bars  should  be 
made  thinner  at  the  bottom  than  at  the  top  ;  but  in  order  to 
maintain  the  same  windage  or  space  between  the  bars  when  they 
become  worn,  they  should  be  made  parallel  for  about  §  of  an  inch 
at  the  top,  and  then  tapered  downwards.  It  may  be  questioned 
whether  any  description  of  fire  bar  has  given  better  results  in  the 
long  run  than  the  ordinary  short  cast  iron  bar  f -inch  thick  at  top 
and  |-inch  at  bottom  and  3  inches  deep  in  middle,  where  it  is 
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provided  with  a  distance  picco  of  tho  same  width  as  at  tho  ends 
So  provent  twisting.  Tho  rapid  deterioration  by  twisting, 
bending,  or  fusion  sometimes  experienced,  is  duo  to  overheat- 
ing, which  may  be  caused  either  by  a  single  bar  hero  and  there 
being,  from  some  cause  or  other,  raisod  al>ovo  the  general  level 
of  the  grate,  or  by  tho  air  space  being  too  wide,  either  originally 
or  by  lateral  bending  of  tho  bars,  caused  by  want  of  sufficient 
room  to  expand  or  other  defect,  which  allows  tho  red  hot  fuel 
or  clinkers  to  get  between .  So  long  as  tho  cold  air  comes  in 
contact  with  tho  whole  depth,  tho  bar  will  unly  wasto  away  on 
its  upper  surface,  aud  that  but  slowly,  unless  tho  fuel  liko 
anthracite,  burns  with  a  very  intense  local  heat.  Tho  air  space 
usually  allowed  and  found  to  answer  best  with  good  semi- 
bituininous  coal  is  ^  or  J-inch.  This  space  may,  however,  bo 
diminished  with  advantago  when  there  is  a  good  draught, 
abundant  boiler  power,  and  tho  coal  is  clean.  In  burning 
anthracitic  coal  which  decrepitates  and  falls  through  tho  bars, 
or  where  tho  coal  yields  much  clinker,  which  adheres  to  tho 
bars  and  gets  between  them,  tho  windage  might  be  kept  smaller 
if  the  nature  of  the  coal  in  tho  ono  caso  did  not  demand  a  con- 
siderable air  space  to  insure  a  good  draught  for  its  combustion, 
and  in  tho  other  caso  to  provide  for  its  becoming  partially 
choked  up.  With  coal  that  cakes  much,  or  yields  a  largo 
quantity  of  ash,  tho  air  spaces  may  with  advantago  bo  mado 
f or  in  some  cases  even  more. 

With  a  view  to  facilitato  removal  and  replacing,  and  to 
obviate  tho  inconvenience  and  loss  arising  out  of  the  single  bars 
becoming  lifted  from  their  seats,  and  at  the  same  time  tc 
increase  the  lateral  stillness,  tho  bars  are  often  cast  together  iu 
lots  of  two  or  moro,  with  end  and  intermediate  distance-pieces 
between  them  to  prevent  twisting,  which  provisions  should 
indeed  bo  mado  in  all  cases.  There  should  always  be  a  liberal 
allowance  at  both  ends  for  tho  bars  to  expand  freely.  The  play 
to  be  allowed  may  bo  taken  as  1  in  24.  The  plan  sometimes 
adopted  of  taperiug  oft'  tho  eud  of  the  bars  and  resting  them  on 
an  inclined  seating  for  tho  purposo  of  facilitating  expansion 
cannot  be  recommended,  as  it  leads  to  a  dilliculty  in  keeping 
the  level  of  the  grato  uniform,  the  bars  becoming  overheated  in 
consequence. 

It  has  been  observed  that  after  repeated  heating  and  cooling 
cast  iron  becomes  permanently  elongated.  According  to  M. 
Brix  a  fire  bar  after  seventeen  days  heating  preserved  a  permanent 
elongation  of  2  per  cent,  ;  another  bar  of  tho  same  dimen- 
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sions,  after  longer  usage,  was  permanently  elongated  3  per 
cent. 

It  is  a  common  practice  to  incline  the  grates  downwards  to- 
wards the  back  end.  No  doubt  this  arrangement  facilitates  the 
pushing  back  of  the  fuel,  and  is  useful  in  burning  coal  which 
produces  much  flame,  but  it  makes  it  more  difficult  to  ascertain  the 
distribution  of  the  fire  at  the  back  end,  especially  in  a  long  grate. 

In  order  to  prevent  active  combustion  in  contact  with  the 
furnace  plates  of  tubular  boilers,  likely  to  be  followed  by  a 
current  of  cold  air  impinging  on  the  heated  part,  the  side  bar«t 
are  sometimes  judiciously  arranged  to  bear  against  the  plates 
A  similar  arrangement  might  be  with  advantage  adopted  in 
small  vertical  boilers,  where  the  furnace  plates  are  sometimes 
burnt  by  the  bottom  of  the  water  spaces  becoming  choked  with 
an  accumulation  of  deposit. 

With  respect  to  the  relative  durability  of  cast-iron  and 
wrought-iron  fire  bars  it  may  be  remarked  that  the  point  of 
fusion  of  the  latter  is  considerably  higher  than  that  of  the 
former,  but  wrought-iron  bars  bend  and  twist  much  sooner  than 
bars  of  cast  iron.  For  locomotives  and  agricultural  boilers,  where 
the  fire  bars  are  subject  to  rough  usage,  wrought  iron  bars,  being 
less  easily  broken,  are  generally  preferable  to  those  of  cast  iron. 

When  the  coals  used  are  of  a  caking  nature  and  adhere  to  the 
bars,  or  cause  trouble  by  the  quantity  of  scoria?  they  yield, 
various  arrangements  for  giving  the  bars  a  rocking  motion  for 
breaking  the  fire  and  detaching  the  clinkers  have  been  invented. 
Some  of  these  have  been  used  with  advantage,  but  the  trouble 
and  expense  of  keeping  them  in  repair  appear  to  have  operated 
against  their  coming  into  more  general  use. 

With  the  view  of  increasing  their  durability,  the  bars  are  often 
made  hollow  to  allow  a  current  of  cold  air  or  water  to  pass 
through.  The  air  and  water  by  becoming  heated  also  adds  to 
the  efficiency  of  the  furnace.  The  advantage  of  these  expedi- 
ents is,  however,  questionable,  in  consequence  of  the  extra  first 
cost  involved  and  the  expense  and  trouble  of  keeping  them  in 
good  order. 

The  bridge  is  a  low  vertical  wall  or  partition  at  the  back  of 
the  grate,  and  forms  a  back  end  to  the  furnace.  It  is  usually 
made  of  fire  brick  or  cast  iron  surmounted  by  fire  brick.  The 
bridge  is  sometimes  hollow,  perforated,  or  split  to  admit  air 
behind  the  furnace  for  burning  the  gases.  Sometimes,  however, 
the  bridge  is  a  wrought-iron  water  space  communicating  with 
the  inside  of  the  boiler.    When  water  bridges  are  used  care 
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should  bo  takon  that  the  ends  incliiio  or  curvo  upwards  to 
facilitate  the  escape  of  the  steam  bubbles  a  they  are  formed  on 
the  inner  surface 

The  bridge  acts  usefully  in  bringing  the  flame  in  contact 
with  the  heating  surface,  and  by  retarding  the  escapo  of  the 
gases  into  the  Hues  promotes  their  admixture  with  the  air. 
The  spaco  above  the  bridge  is  ofteu,  however,  made  too  cramped 
with  these  ends  in  view.    The  narrower  the  space  the  greater 
must  bo  tho  force  of  the  draught  to  draw  the  gases  through. 
The    heightening    of  the  bridge  may,    in   consequence,  Ihj 
attended  with  an  increased  waste  of  fuel,  as  the  gases  are  likely 
to  escapo  at  a  higher  temperature  into  tho  chimney.  More- 
over, tho  extent  of  tho  heating  surface  which  ivc«-ives  tho 
radiant  heat  from  tho  firo  is  diminished  by  heightening  tho 
bridge,  and  tho  action  of  tho  higher  temperature  and  more 
forcible  impingement  of  the  flame  and  air  against  the  furnace 
plates  is  liable  to  bo  destructive,  especially  when  sedimentary  or 
greasy  feed-water  is  used,  or  a  seam  of  rivets  happens  to  bo  near 
the  bridge.    The  best  height  to  make  tho  bridge,  in  any  case, 
can  only  be  determined  by  actual  trial,  as  it  will  depend  upon 
the  size  of  grato,  strength  of  draught,  character  of  fuel,  thickness 
of  fire,  and  relative  quantity  of  air  admitted  through  tho  bars 
and  abovo  the  fire,  or  behind  the  bridge  itself.     Tho  passage 
above  tho  bridge,  as  an  approximate  rule,  may  be  made  one- 
sixth  tho  area  of  tho  firo  grate.     By  lowering  the  bridge  tho 
flame  will  not  be  cooled  so  suddenly  by  contact  with  tho  plates, 
and  may  bo  made  to  pass  further  along  the  flue  with  a  diminished 
draught,  whereby  the  prevention  of  smoke  will  be  facilitated, 
the  evaporative   efficiency  increased,    and   a  saving  of  fuel 
effected.     In  many  cases  a  reduction  of  two  or  three  inches  in 
the  height  and  an  improvement  in  the  shape  of  the  bridge, 
whereby  it  is  better  adapted  to  tho  shape  of  the  furnace,  have 
had  a  very  marked  effect  in  reducing  the  consumption  of  fuel, 
preventing  smoke,  increasing  the  evaporation,  and  in  diminishing 
the  wear  and  tear  of  the  boiler. 

Hanging  or  inverted  bridges  are  often  used.  These  are  placed 
some  two  or  three  feet  behind  the  ordinary  bridge,  behind  which 
air  is  admitted  to  tho  gases.  The  space  between  the  bridges 
then  forms  a  suitable  flame  chamber  for  aiding  the  perfect  com- 
bustion of  the  hydrocarbons,  and  the  use  of  hanging  bridges  in 
this  manner  has  been  attended  with  very  satisfactory  results  ; 
but  the  difficulty  of  keeping  them  in  repair  has  usually  led  to 
their  abandonment  after  a  short  trial. 
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Underneath  externally  fired  boilers  with  deep  flash  flues,  two 
or  three  additional  bridges  are  often  arranged  at  regular  dis- 
tances between  the  furnace  bridge  and  the  back  end  of  the  flue 
for  the  purpose  of  keeping  the  gases  in  contact  with  the  boiler  a^ 
they  pass  along. 

BOILER  SETTING. 

Boilers  should  be  set  with  as  little  brickwork  in  contact  with 
the  shell  as  practicable,  particularly  at  and  near  the  bottom 
where  any  watei  or  moisture  is  liable  to  lodge  against  the  plates. 
All  the  flues  should  be  faced  with  fire  bricks,  aud  fire  lumps  or 
blocks,  but  not  bricks,  should  be  used  for  the  seating.  No 
mortar  should  be  used  where  it  can  come  in  contact  with  the 
plates,  but  fire  clay  should  be  used  instead  for  the  whole  setting 
of  the  boiler.  The  flues  should  be  sufficiently  large  to  admit  of 
being  properly  cleaned  and  to  enable  periodical  external  exami- 
nations to  be  made  with  facility  and  satisfaction.  The  common 
practice  of  cramping  the  flues  arises  out  of  the  desire  to  improve 
the  efficiency  of  the  boiler  by  keeping  the  gases  in  contact  with 
the  plates.  But  the  slight  waste  of  heat  that  may  result  from 
the  use  of  moderately  wide  flues  is  far  outweighed  by  the  greater 
security  obtained  from  the  better  examination  they  invite.  The 
fact  is  too  often  lost  sight  of  that  the  difficulty  of  cleaning  the 
plates  caused  by  the  narrowness  of  flues  usually  results  in  the 
plates  becoming  covered  with  a  permanent  coating  of  soot  and 
other  non-conducting  substances,  which  renders  them  useless  as 
heating  surface,  and  consequently  the  narrowing  of  the  flues 
defeats  its  own  intended  end. 

Plain  cylindrical  or  egg-ended  boilers,  when  made  with  wheel 
draught  or  split  draught,  are  supported  on  side  walls  which 
should  not  exceed  three  inches  in  width  at  the  surface  on  which 
the  boiler  rests.  There  is,  however,  no  advantage  gained  in 
evaporative  effect  by  making  the  flues  of  long  and  moderately  long 
egg-ended  boilers  for  wheel  draught  or  split  draught  ;  but  there 
is  a  decided  disadvantage  in  the  increased  difficulty  of  cleaning 
and  examining  these  arrangements  of  flues  involve.  These 
boilers  are  best  set  with  flash  flues,  the  gases  passing  straight 
from  the  bridge  along  the  boiler  bottom  and  sides  to  the 
chimney.  This  arrangement  dispenses  with  all  brick-work 
seating  underneath  the  boiler,  which  is  sometimes  supported 
on  cast  iron  brackets  protected  on  their  fronts  by  fire  brick,  but 
far  more  usually  by  brackets  riveted  to  the  sides  and  resting 
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upon  tho  masonry.  Boilers  of  great  length — 50  feet  and 
upwards — are  often  suspended  from  transverse  cast  iron  arches 
resting  on  tho  masonry  at  the  sides  and  placed  from  12  feet 
to  10  feot  apart.  The  boiler  is  connected  to  each  bearer  by 
means  of  three  bolts  securod  to  angle  or  T  irons  riveted  to  tho 
shell  crown,  and  secured  to  tho  casting  by  nuts,  by  which  the 
weight  of  tho  boiler  can  be  adjusted.  There  should  also  be  a 
strut  of  T  iron  across  the  inside  of  tho  boiler,  under  each  bearer, 
to  resist  tho  tendency  of  the  shell  to  assume  an  oval  shape  from 
the  weight  of  the  lower  portion  of  the  boiler  aud  the  water 
acting  against  the  upward  direction  of  the  force  exerted  by  tho 
■uspension  bolts. 

Since  the  weight  on  each  bearer  must  vary  considerably  with 
tho  arching  of  the  shell,  duo  to  tho  greater  expansion  or  con- 
traction of  tho  bottom  compared  with  tho  top,  long  boilers  are 
liable  to  bo  strained  and  break  their  backs  when  suspended  from 
the  ond  attachments  only,  or  tho  bottom  is  liable  to  become 
buckled  together  when  suspended  only  from  tho  middle  bearers. 

For  remarks  on  the  brickwork  and  setting  of  internally  fired 
boilers,  see  chapter  on  Wear  and  Tear,  p.  200. 

With  Cornish,  Lancashire,  and  other  similar  boilers  of  mode- 
rato  length,  in  order  to  promote  tho  circulation,  and  heat  tho 
dead  feed-water  at  tho  bottom,  the  flues  should  be  arranged  to 
conduct  tho  gases  forward  underneath  tho  shell  bottom  on 
leaving  the  fluo  tubes,  the  draught  being  split  at  tho  front  to 
pass  backward  along  each  side  to  the  chimney.  Each  side  fluo 
may  be  made  with  an  independent  damper,  or  one  damper  may 
bo  made  to  serve  by  uniting  tho  side  flues  behind  the  down  take 
at  tho  back.  But  when  tho  boiler  is  very  short  compared  with 
tho  length  of  grate  and  there  is  a  strong  draught,  it  is  advisable 
not  to  expose  the  shell  bottom  to  a  very  high  temperature  by 
taking  the  gases  along  the  bottom  before  passing  through  the 
fide  flues. 
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INCRUSTATION. 

One  of  the  greatest,  and  at  the  same  time  one  of  the  most 
frequent  difficulties  steam  users  have  to  contend  with  is  the 
formation  of  deposit  and  incrustation,  or,  as  it  is  also  called, 
scurf,  scale,  or  fur,  in  their  boilers. 

Where  the  scale  does  not  acquire  a  greater  thickness  than 
about  y1^  inch  on  that  part  of  the  boiler  where  the  circulation 
is  most  defective,  and  not  more  than  that  of  an  egg-shell,  where 
the  circulation  is  most  active,  it  may  in  most  cases  be  regarded 
rather  as  an  advantage  than  otherwise,  forming,  as  it  generally 
does  a  coating  to  protect  the  boiler  against  the  corrosive  action  of 
the  water.  But  when  it  becomes  thick  enough  to  threaten  the 
closing  up  of  the  water  spaces,  or  when  it  gathers  in  consider- 
able quantities  on  the  plates  and  tubes  exposed  to  a  great  heat, 
the  incrustation  becomes  a  source,  not  only  of  annoyance  and 
wasteful  expenditure  of  fuel,  but  also  of  actual  danger  from 
explosion,  and  tends  greatly  to  shorten  the  life  of  the  boiler, 
even  where  no  actual  danger  exists.  The  heat  from  the 
furnace  not  being  carried  off  rapidly,  as  it  otherwise  would  be 
by  the  fresh  portions  of  water  that  are  brought  to  it  by  the 
circulation,  since  its  transmission  is  resisted  by  the  thick 
coating  of  scurf,  which  is  always  a  bad  conductor,  the  plates 
become  overheated,  often  to  such  an  extent  that  they  may  in 
course  of  time  become  burnt  through.  The  overheating  due 
to  the  presence  of  incrustation  may  become  dangerous,  long 
before  the  plates  suffer  much  from  burning,  especially  in  the 
case  of  large  furnace  tubes,  where  the  softening  leads  to  dis- 
tortion which  is  soon  followed  by  collapse  and  disaster. 

The  formation  of  incrustation,  when  it  gives  rise  to  slight 
overheating,  must  add  materially  to  unequal  expansion,  which 
is  found  to  be  one  of  the  principal  sources  of  wear  and  tear 
in  a  boiler. 
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Incrustation  also  kails  indirectly  to  overheating  by  doling 
up  the  apertures  of  the  feed-pipe,  especially  when  the  water  is 
admitted  through  small  holes. 

When  of  considerable  thickness,  and  very  hard  and  diflicult 
to  remove,  incrustation  interferes  greatly  with  the  examination 
of  a  boiler,  and  renders  it  no  easy  matter  to  ascertain  with 
any  degree  of  certainty  the  condition  of  the  plates  concealed 
from  view.  No  doubt  there  are  ceitain  well-known  marks  of 
eolour  and  configuration  accompanying  some  kinds  of  incrusta- 
tion which  indicate  with  a  considerable  degree  of  certainty  the 
defective  condition  of  the  underlying  plates  and  rivet  heads, 
but  these  indications  aro  by  no  means  infallible.  Their  presence 
often  causes  groundless  suspicion  and  auxiety,  and  their 
absence  may  lead  to  a  sense  of  security  and  consequent  neglect 
likely  to  be  productive  of  serious  damage. 

To  such  a  degree  does  the  accumulation  of  scurf  interfere 
with  the  efficiency  and  safety  of  some  descriptions  of  multitu- 
bular and  water-tubo  boilers  that  their  employment  iu  many 
cases  has  to  be  abandoned.  Indeed,  the  nature  of  the  feed 
water  available  is  too  often  lost  sight  of  in  making  selection 
from  different  classes  of  boilers.  It  should  always  bo  under- 
stood, that  when  very  bad  or  hard  feed  water  is  to  bo  used, 
the  boiler  should  be  chosen  for  accessibility  to  all  its  interior 
parts,  as  upon  this  circumstance  greatly  depend!  its  future 
economical  and  safe  working. 

Most  waters  used  for  stationary  and  locomotive  boilers  contain 
solid  matters  in  solution  which  become  precipitated  by  elevation 
of  temperature,  or  are  left  behind  by  evaporation.  On  the 
matters  ceasing  to  remain  in  solution,  the  first  effect  will  bo 
their  deposition,  and  unless  blown  out  sooner  or  later,  the 
deposit  becomes  hardened,  and  forms  incrustation.  The 
quantity  of  matters  held  in  solution  aro  commonly  from  20  to 
40  grains  per  gallon,  and  in  some  few  cases  reach  as  much  as 
200  grains  per  gallon.  But  a  much  less  quantity  than  the  last 
is  sufficient  to  cause  serious  inconvenience  when  present  in 
boiler  feed  water.  This  may  be  easily  shown  as  follows  : — 
Taking  the  moderate  quantity  of  20  grains  of  mineral  per  gallon, 
of  indifferent  solubility,  we  shall  have  the  considerable  quantity 
of  upwards  of  i  cwt.  left  by  the  water  boiled  away  iu  a  week  of 
GO  hours,  at  the  rato  of  350  gallons  evaporated  per  hour — not  a 
very  unusual  quantity  with  large  stationary  boilers.  Taking 
the  specific  gravity  of  the  incrustation  formed  as  3,  one-half 
cwt.  will  bo  sufficient  to  cover  250  square  feet  of  plate  wuh 
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a  thickness  of  *0144  inch.  This  would  amount  to  T25  inch  in 
three  months,  if  allowed  to  accumulate. 

With  the  customary  want  of  attention  to  blowing  out  an  1 
cleaning,  we  can  from  this  readily  conceive  the  excessive  thickness 
of  incrustation  that  may  accumulate  over  th£  whole  internal 
surface  below  the  water  line  in  a  very  small  fraction  of  the 
average  life  of  a  steam  boiler. 

Besides  the  substances  held  in  solution  nany  waters  hold  a 
large  amount  in  suspension,  which  are  left  behind  by  the  evapora- 
tion. These  principally  consist  of  mud,  clay,  and  other  earthy 
matters  carried  down  by  rains  and  running  water,  or  stirred  up 
in  canals  and  rivers  by  the  passage  of  vessels. 

There  are  but  few  problems  connected  with  steam  engineering 
at  which  inventors  have  tried  their  hands  to  a  greater  extent 
than  the  prevention  and  removal  of  boiler  incrustations.  Of 
late  years  it  is  computed  that  not  fewer  than  200  patents  have 
been  taken  out,  and  the  number  of  anti-incrustation  nostrums 
tried  by  confiding  or  desperate  boiler  owners  is  the  best 
evidence  of  the  magnitude  of  the  evil  they  would  overcome. 

Before  attempting  to  notice  some  of  the  various  anti-incrus- 
tation schemes  that  abound,  it  is  advisable  to  say  a  few  words 
on  the  nature  of  the  troublesome  ingredients  found  in  various 
waters. 

The  mere  amount  of  solid  matter  in  any  water  is  no  indica- 
tion of  its  fitness  or  otherwise  to  be  used  in  a  steam  boiler,  as 
this  depends  almost  entirely  on  the  nature  of  the  solid  impu- 
rities contained.  The  presence  of  50  grains  per  gallon  of 
deliquescent  salts,  such  for  example  as  carbonate  or  chloride  of 
soda  would  not  be  seriously  felt  with  a  moderate  amount  of 
attention  to  blowing  off ;  whereas,  on  the  other  hand,  an  equal 
quantity  of  salts  of  lime  would  render  the  water  unfit  for  use, 
unless  an  unusual  amount  of  care  and  attention  were  bestowed 
on  blowing  out  and  cleaning  the  boiler.  Unfortunately  the 
presence  of  the  former  description  of  salts  is  the  exception, 
whilst  the  latter  is  the  rule. 

The  great  majority  of  well,  mine,  river,  stream,  canal,  and 
town  supply  waters  contain  sulphate  of  lime,  bicarbonate  of 
lime,  and  carbonate  of  magnesia.  These,  present  in  widely 
different  quantities  and  along  with  various  other  impurities, 
are  the  principal  ingredients  in  the  waters  that  cause  the 
greatest  amount  of  trouble,  by  forming  hard  incrustations  and 
loose  deposits  that  retard  the  transmission  of  heat  to  the  water. 

According  to  M.  Couste,  the  following  are  the  approximate 
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weights  of  different  salts  which  ono  imperial  gallon  of  water 
(70,000  grains)  is  capable  of  holding  in  solution  when  cold 
(00°  Fahr.),  and  when  boiled  in  the  open  air  : — 


Carbonate  of  lime 

Silica 

Sulphate  of  lime 
Carbonate  of  magnesia 
Sulphate  of  potass 
Chloride  of  sodium 

, ,  magnesia 
Nitrato  of  calcium 
Chloride  of  calcium 


00°. 

2 1 2°. 

merely  traces. 

merely  traces. 

70  grains. 

>» 

175  grains. 

>> 

3*25  oz. 

>> 

10  u 

40  oz. 

32  „ 

32  oz. 

200  „ 

580  oz. 

500  „ 

1 

540  „ 

unlimited. 

The  order  of  deposition,  in  the  boiler  as  the  water  becomes 
concentrated  is  given  thus  : — 1st.  Carbonate  of  lime.  2ud. 
Sulphate  of  lime.  3rd.  Salts  of  iron,  as  bases  or  oxides,  ami 
some  of  these  of  magnesia.  4th.  The  silica  or  alumina, 
usually  with  more  or  less  of  organic  matter.  5.  Common 
salt. 

With  respect  to  the  salt  water  used  in  marine  boilers,  it  is 
found  to  vary  in  density  and  in  the  nature  of  its  ingredients 
in  various  localities  throughout  the  globe.  According  to  Dr. 
Ure,  the  largest  proportion  of  salt  hel  l  in  solution  in  tin*  open 
sea  is  38  parts  in  1000,  and  the  smallest  32.  The  Bed  Sea 
contains,  however,  43  parts  in  1000  ;  the  Baltic,  G  O  ;  the 
Black  Sea,  21  ;  the  Arctic  Ocean,  28  o  ;  the  British  Channel, 
35*5  ;  and  the  Mediterranean,  38.  Faraday  found  the  ave  rage 
specific  gravity  of  sea-water  to  be  1027,  that  of  pure  distilled 
water  being  taken  at  1000. 

The  sea  water  used  in  his  experiments  weighed  04*1410  lb. 
to  the  cubic  foot,  and  contained  of 

oz. 

Chloride  of  sodium  ....  25*702 
Muriate  of  magnesia  .  .  .  .  3*282 
Sulphate  of  magnesia  .  .  .  2*212 
Sulphate  of  lime        .        .  1*013 


32*209 

besides  quantities  of  other  salts  too  small  to  be  noticed. 

It  is  generally  understood  that  the  carbonate  of  lime,  the 
same  substance,  chemically  speaking,  as  selenite,  chalk,  marble, 
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and  limestone,  is  held  in  solution,  in  fresh  water,  by  an  excess 
of  carbonic  acid,  and  that  in  reality  it  is  present  in  the  state  of 
a  bicarbonate.  By  heating  the  water,  the  excess  of  carbonic 
acid  is  driven  off,  and  the  greater  part  of  the  carbonate  is  pre- 
cipitated. Its  solubility  diminishes  as  the  temperature  increases, 
and  at  boiling  point  it  is  scarcely  soluble  at  all.  It  is  for  this 
reason  that  in  water,  from  which  the  air  has  been  expelled, 
carbonate  of  lime  is  found  in  such  small  quantities.  Carbonate 
of  lime  has  been  variously  estimated  as  soluble  in  from  24,000 
to  16,000  times  its  volume  of  water,  at  ordinary  temperature, 
or  in  the  proportion  of  from  2f  to  4|  grains  per  gallon.  Ac- 
cording to  M.  Couste,  the  solubility  is  nil  at  about  290°  Fahr. 

Sulphate  of  lime,  a  substance  of  the  same  chemical  composi- 
tion as  gypsum  or  plaster  of  Paris,  is  next  in  importance  to 
carbonate  of  lime.  Its  solubility  also  varies  greatly  with  the 
temperature.  According  to  Regnault,  its  greatest  solubility  is 
at  95°  Fahr.,  when  it  dissolves  in  393  times  its  weight  of  water, 
or  in  the  proportion  of  178  grains  to  the  gallon.  At  212°  it  is 
only  soluble  in  460  times  its  weight  of  water,  or  152  grains  to 
the  gallon  ;  and  according  to  M.  Couste,  like  carbonate  of  lime 
it  is  completely  insoluble  at  about  290°.  It  is  therefore  evident 
that  these  two  salts  are  precipitated  in  all  kinds  of  water,  merely 
by  the  elevation  of  temperature,  when  the  boiler  is  worked  at 
about  60  lbs.  pressure. 

In  boilers  working  at  low  pressure,  the  sulphate  of  lime  could 
be  partially  extracted  by  blowing  off,  if  the  water  became 
saturated  with  it  at  about  230°  ;  but  its  solution  requires  time, 
and  the  rapid  evaporation  precipates  it  more  rapidly  than  it  can 
re-dissolve. 

Carbonate  of  magnesia,  or  magnesian  limestone,  is  the  next 
important  impurity  in  fresh  water  ;  but  it  usually  exists  in  much 
smaller  quantity  than  the  other  two  salts.  In  its  relation  to 
temperature,  and  in  its  behaviour  in  the  water,  it  is  similar  to 
carbonate  of  lime. 

On  becoming  insoluble  the  lime  and  other  salts  remain  for  a 
time  suspended  in  the  water,  and  tend  to  deposit  themselves 
more  or  less  rapidly,  according  to  the  density  of  the  water,  the 
manner  in  which  it  circulates,  and  the  intensity  of  the  ebullition. 
Over  those  parts  of  the  heating  surface  where  the  water  boils 
rapidly,  the  insoluble  salts  are  held  in  suspension  by  the 
agitation  until  the  ebullition  subsides,  or  when  the  circulation  is 
good  they  are  carried  away  with  the  currents,  until  a  compara- 
tively quiet  part  of  the  boiler  is  reached,  when  they  are  de- 
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r>osited  on  the  plates  or  tubes.  It  frequently  happens  that  tho 
feed  pipe,  itself  when  tho  feed  is  shut  otf,  is  one  of  tho  quietest 
«pots  in  tho  boiler,  and  hence  the  amount  of  deposit  often  found 
in  it.  But  the  furring-up  of  tho  feed  pipes,  whether  vertical  or 
horizontal,  is  mainly  due  to  tho  sudden  precipitation  of  the  im- 
purities on  being  acted  upon  by  tho  high  temperature  in  tho 
boiler.  Tho  manner  in  which  the  precipitation  comes  about  is 
sometimes  very  remarkable,  especially  when  tho  feed  water  at 
a  high  temperature  enters  tho  boiler  nearly  at  the  point  of 
saturation.  In  such  cases  the  lime  salts  are  deposited  as  they 
pass  through  the  apertures  in  tho  feed  pipe,  and  gather  fast  and 
thick  on  the  adjacent  plates,  or  when  the  feed  is  distributed 
through  a  horizontal  perforated  pipe,  the  deposit  is  sometimes 
found  projecting  for  a  length  of  two  or  three  inches  from  each 
aperturo,  like  a  hollow  inverted  stalactite.  In  time,  the  passage 
through  tho  aperture  gradually  becomes  closed  up,  and  tho  feed 
is  consequently  prevented  from  entering. 

It  is  by  many  supposed  that  the  plates  over  the  furnaces  are 
most  liablo  to  become  covered  with  a  thick  incrustation,  as  tho 
greatest  quantity  of  water  is  Lore  evaporated.  This  is,  however, 
seldom  or  never  fouud  to  bo  the  case  unlea  tho  circulation  is 
very  bad,  as,  for  instance,  over  the  flat  stayed  crowns  of  most 
locomotivo  fireboxes.  In  plain  cylindrical  and  internally  tired 
tubular  boilers  tho  suspended  matters  in  the  water  are  driven  otf 
the  plates  by  tho  ebullition,  and  carried  to  the  part  of  the  boiler 
where  the  circulation  is  most  sluggish — generally  tho  coolest  part 
of  tho  boiler — and  are  there  allowed  to  deposit.  When  a  consider- 
able amount  of  incrustation  is  found  over  tho  fire  in  ordinary  ex- 
ternally fired  boilers,  it  is  usually  caused  by  tho  detached  scale 
which  has  fallen  from  tho  sides  of  the  shell,  in  pieces  too  heavy 
to  bo  carried  away  by  tho  circulation.  Tho  danger  of  over- 
heating from  this  cause  is  one  of  tho  principal  arguments  against 
the  practice  of  having  a  fierce  heat  under  a  boiler-shell,  whero 
the  nature  of  tho  incrustation  renders  it  liablo  to  cover  the 
furnace  plates  to  any  great  degree. 

The  carrying  away  of  the  deposited  matter  by  the  ebullition 
and  circulation  is  also  retarded  by  the  presence  of  grease  or 
sticky  matters  in  tho  water,  which  form  a  paste  with  the  im- 
purities that  often  proves  too  heavy  or  tenacious  for  removal  by 
the  currents  in  the  boiler. 

The  sulphate  of  lime,  on  depositing,  forms  an  amorphous  crust, 
more  or  less  hard,  according  to  the  other  ingredients  in  com- 
bination with  it,  and  the  heat  to  which  it  is  exposed.  The 
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carbonate  of  lime  and  carbonate  of  magnesia,  on  the  other  hand, 
usually  deposit  as  a  loose  tine  powder,  forming  a  white  sludge 
with  the  water.  They  often  solidify  in  combination  with  the 
sulphate,  forming  a  hard  amorphous  crust.  Before  deposition, 
the  light  carbonates  precipitated  are  held  in  suspension  near  the 
surface  of  the  water,  and  are  frequently  carried  along  with  the 
steam  and  water  into  the  steam-pipes  and  cylinder.  After  a  few 
months'  work,  pistons  and  cylinder  covers  have  been  found 
covered  with  a  coating  T3g"  thick,  or  even  more,  of  this  fine,  im- 
palpable powder.  This,  it  is  evident,  in  time,  is  liable  to  cause 
the  breakage  of  the  cylinder  covers,  pistons,  or  other  parts  of 
the  engine. 

When  the  deposited  carbonate  of  lime  is  present  in  consider- 
able quantity,  along  with  other  impurities,  it  will  remain  soft 
for  a  length  of  time,  and  if  not  exposed  to  too  high  a  tempera- 
ture when  drying  or  emptying  the  boiler,  will  be  converted  into 
a  fine  floury  powder,  of  a  light  colour.  But  if  the  boiler  be 
blown  out  while  the  plates  and  brickwork  in  the  flues  are  at  a 
high  temperature,  the  sludge  often  becomes  baked  hard  ;  and 
it  is  to  this  circumstance  that  a  great  amount  of  the  hard  in- 
crustation from  both  the  sulphate  and  carbonate  of  lime  is  due. 

When  a  boiler  fed  with  water  containing  salts  of  lime  is  blown 
out  cold,  and  the  interior  is  examined  before  it  becomes  dry, 
the  plates,  tubes,  and  stays  may  be  found  covered  with  a  thick 
coating  of  light-coloured  sludgy  deposit,  that  can  be  removed 
with  very  little  trouble  if  brushed  off  or  washed  out  with  a  hose- 
pipe and  jot  of  water.  Should,  however,  the  interior  be  main- 
tained at  a  high  temperature,  by  blowing  out  before  the  boiler 
and  flues  are  cool,  the  deposit  becomes  baked  on,  and  apparently 
there  is  not  so  much  left  for  removal  where  the  practice  of 
chipping  off  the  scale  is  not  carefully  carried  out.  It  is  for  this 
reason,  namely,  the  excuse  of  having  little  easily  removable 
deposit  to  deal  with,  that  many  boiler  attendants  prefer  allow- 
ing the  scale  to  bake  hard  and  fast  on.  It  must  be  admitted 
that  in  many  tubular  boilers  the  task  of  sweeping  or  washing 
out  the  loose  deposit  is  a  very  unpleasant  one,  and  likely  to  be 
shirked  by  the  majority  of  boiler  attendants. 

Various  attempts  have  been  made  to  calculate  the  loss  of 
heat  caused  by  incrustation  formed  on  the  heating  surface.  But 
the  circumstances  to  be  considered  which  determine  the  rate  of 
heat  transmission  through  plates  covered  by  scale  of  differen( 
kinds  and  thickness,  either  homogeneous  or  otherwise,  are  not 
sufficiently  well  understood,  and  are  too  numerous  to  admit  of 
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anything  like  exact  calculation.  It  Las  by  ono  observer  been 
stated  that  Tlff  inch  of  incrustation  on  the  tubes  of  a  multitu- 
bular boiler  is  equivalent  to  a  loss  of  20  per  cent,  of  fuel,  and 
that  the  loss  increases  in  a  very  rapid  ratio. 

Another  observer  has  demonstrated  that  a  scale  inch  thick 
demands  an  increase  of  15  per  cent,  of  the  fuel,  and  as  the 
incrustation  thickens  the  ratio  increases  thus :  when  it  is  -J  inch 
thick  GO  per  cent,  more  fuel  is  required,  at  |  inch  150  per 
cont.,  and  so  on.  Now  it  is  not  stated  with  which  particular 
kiud  of  boiler,  or  for  which  part  of  the  boiler  this  statement 
holds  good,  nor  is  tho  nature  of  the  incrustration  stated,  ol 
which  its  conducting  power  depends.  Most  boilers  with  an 
ordinary  draught  would  be  quite  unworkable  with  A  inch  of 
scale  on  the  furnace  plates,  and  numerous  boilers  have  scale 
considerably  thicker  than  this  over  the  greater  portion  of  their 
heating  surface,  without  demanding  any  tiling  like  100  per  cent, 
raoro  fuel  tlnm  when  the  plates  are  clean.  On  tho  other  hand, 
it  has  been  stated,  on  the  authority  of  Peclet,  that  a  very  thin 
coating  of  incrustration  favours  tho  transmission  of  the  heat  to 
the  water,  since  it  has  been  observed  with  new  locomotive 
boilers,  that  tho  production  of  steam  increases  at  first,  then  re- 
mains stationary,  and  at  last  decreases.  It  is  probable,  how- 
over,  that  tho  increased  production  of  steam  observed  was  duo 
to  the  diminution  of  tho  priming  which  is  generally  very  great 
in  now  locomotives,  and  which  decreases  as  tho  grease  and  dirt 
are  removed,  and  as  tho  violent  ebullition  at  tho  firebox 
diminishes  when  it  becomes  covered  with  a  thin  coating  of 
scale. 

It  is  certain  that  the  uniform  coating  of  sulphate  of  lime 
formed  hard  and  fast  on  tho  furnace  plates  even  ^  inch  thick, 
is  not  so  liable  to  lead  to  overheating  as  the  thinner,  but  more 
irregular  deposits,  that  sometimes  form  like  barnacles  on  the 
plates  over  the  fire,  or  tho  scale  formed  of  lime  salts  mixed 
with  organic  matter  which  adheres  tenaciously,  but  does  not  lie 
close  to  the  plates.  Indeed,  a  few  greasy  rags  lying  on  the 
plates  exposed  to  the  fire  will  lead  to  overheating  sooner  than  a 
formidable-looking  mass  of  close-lying  and  compact  incrustation. 
But  tho  deposit  that  produces  most  frequently  the  effects  of 
over-heating  where  they  are  often  least  expected,  and  by  many 
considered  most  unaccountable,  is  the  impalpable  powder  found 
in  the  boiler  when  empty  and  dry,  of  which  carbonate  of  lime  is 
the  chief  ingredient.  In  con  sequence  of  the  lightness  of  its  particles 
it  is  long  held  in  suspension,  and  covers  the  surface  of  water  as  a 
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scum.  When  the  water  becomes  saturated  with  this  substance,  great 
resistance  is  offered  to  the  free  escape  of  the  steam  bubbles,  and 
to  the  free  convection  of  heat.  The  water  is  in  consequence 
lifted  off  the  plates  by  the  steam  that  accumulates  on  their  sur- 
face, and  allows  them  to  become  over-heated. 

The  tendency  to  over-heating  is  much  aggravated,  if  grease 
or  other  organic  matter  be  present  in  the  water  along  with  this 
fine  floury  deposit.  The  grease  appears  to  combine  mechani- 
cally with  the  carbonate  of  lime,  and  when  the  compound  sinks 
on  to  the  plates  overnight,  or  when  the  boiler  is  at  rest,  it 
clings  as  a  loose,  spongy  mass,  too  inert  to  be  carried  off  by  the 
circulation  or  ebullition  which  it  retards,  and  by  preventing  the 
contact  between  the  plates  and  the  water,  and  by  offering  great 
resistance  to  the  transmission  of  heat  produces  over-heating  of 
the  plates. 

The  floury  deposit  usually  consists  of  at  least  60  per  cent, 
of  carbonate  of  lime  with  small  quantities  of  carbonate  of  mag- 
nesia, sulphate  of  lime,  oxide  of  iron  and  alumina,  sand  and 
other  impurities.  Its  colour  may  be  white,  grey,  slate  colour, 
or  fawn  colour.  "When  found  in  the  boiler  after  blowing  off, 
the  colour  depends  in  great  measure  upon  the  heat  to  which 
it  has  been  exposed,  being  lighter  on  the  furnace  plates,  and 
those  over  the  hot  brickwork,  than  upon  the  stays  and  upper 
parts  of  the  boiler.  Being  easily  washed  out  as  sludge  when 
the  boiler  is  damp,  or  swept  away  as  fine  dust  when  dry,  the 
presence  of  this  deposit  often  attracts  too  little  attention,  and  is 
often  overlooked  as  a  cause  of  over-heating.  Its  presence  is 
usually  made  manifest  by  leakage  at  the  seams  and  fracturing 
of  the  plate  edges  over  the  fire,  frequently  accompanied  by  a 
gradual  and  steady  depression  of  the  furnace  plates  both  in 
externally  and  internally  fired  boilers.  In  Cornish  and  Lanca- 
shire boilers  the  over-heating  is  not  so  much  at  the  crown  as  at 
the  sides  of  the  furnace  where  the  plates  frequently  bulge  in- 
wards a  few  inches  above  the  fire  bars,  the  crown  being  at  the 
same  time  forced  upwards.  The  presence  of  grease  in  combina- 
tion with  the  deposit  is  easily  recognised  by  heating  a  small 
quantity  on  a  red-hot  plate,  or  in  a  ladle.  Grease  is  nearly 
always  present  when  the  feed  is  heated  by  the  exhaust  steam 
from  a  non-condensing  engine,  or  is  drawn  from  the  hot  well  of 
a  condensing  engine.  In  many  cases  the  system  of  feed  heating 
by  the  exhaust  steam,  or  feeding  with  water  from  the  hot  well 
has  to  be  abandoned  in  consequence  of  the  injury  done  to  the 
boiler  by  the  grease  so  introduced. 
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The  tendency  to  over-heating  when  this  carbonate  of  lime  or 
carbonate  of  magnesia  powder  is  present  is  naturally  much  in- 
creased whon  the  furnace  heat  is  intense,  either  from  the  nature 
of  the  coal  or  the  strength  of  the  draught,  or  from  the  close- 
noss  of  the  lire  to  the  plates.  In  fact  a  very  slight  increao  of 
draught  from  a  difference  in  the  setting  of  the  boiler  and 
arrangement  of  damper,  firebars,  or  bridge,  may  make  a 
decided  change  iu  the  liability  to  over-heat.  Cases  have  been 
mot  with,  where,  in  a  series  of  boilers  apparently  alike  in  every 
respect,  only  one  has  given  trouble  from  leaking,  fracturing, 
and  other  effects  of  over-heating,  and  it  is  always  found  thai 
this  boiler  burns  the  most  coals,  either  from  having  the  best 
draught,  or  from  the  tires  being  forced  in  consequence  of  the 
bridge  being  too  high.  When  the  rato  of  fuel  consumption  i& 
reduced  to  that  of  its  neighbouring  boilers,  the  trouble  from 
over-heating  is  found  to  cease. 

That  a  compact  homogeneous  mass  of  incrustation  should 
prove  less  detrimental  to  the  plates  exposed  to  tho  action  of  the 
fire  than  a  spongy,  less  solid,  or  powdery  mass,  is  easily  ac- 
counted for  on  the  principle  that  loose  sand  forms  a  much  worse 
conductor  of  heat  than  the  solid  stone  from  which  it  has  been 
reduced.  By  way  of  illustration  it  may  be  remarked  that  if 
wo  take  a  kettle  or  pan,  coated  inside  with  J  inch  of  Bcale,  wo 
can  boil  clean  water  in  it  with  far  less  risk  of  over-heating  than 
if  we  take  a  clean  vessel  and  attempt  to  boil  milk  or  water 
thickened  with  oatmeal,  or  other  like  substance. 

In  tho  latter  case  in  consequence  of  tho  accumulation  of  tho 
steam  bubbles  on  the  bottom  of  the  vessel,  and  tho  resistance 
opposed  to  the  convection,  unless  it  bo  promoted  by  stirring, 
the  bottom  of  the  vessel  will  soon  become  over-heated,  the  effect 
of  which  is  well  known  to  those  experienced  in  culinary 
matters. 

On  breaking  a  piece  of  hard  incrustation  t;iken  from  tho 
bottom  or  sides  of  a  boiler,  the  fracture  generally  presents  a 
scries  of  layers,  partly  crystalline  and  partly  amorphous.  Tho 
layers  aro  of  different  thickness,  from  that  of  paper  to  J  inch  or 
more.  Interspersed  with  these  hard  layers  formed  by  the  depo- 
sition of  the  salts,  are  frequently  found  thin  soft  layers  of 
earthy  matter,  which  has  been  held  in  suspension  and  deposited 
when  the  agitation  of  the  water  has  temporarily  ceased.  It 
sometimes  happens  that  not  two  of  the  numerous  layers  are 
alike  in  colour,  consistency,  or  chemical  composition,  a  fact  due 
to  the  disturbing  influence  at  the  source  of  the  feed  supply.  The 
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face  of  the  incrustation  next  to  the  plate  is  very  often  of  a 
black  colour,  and  adhering  to  it  is  found  a  film  of  oxide  of  iron, 
whilst  the  surface  of  the  plate  is  quite  soft,  and  bears  unmis- 
takable signs  of  wasting,  sometimes  to  a  considerable  depth . 
This  is  usually  caused  by  the  corrosive  action  of  the  iron  salts, 
and  in  brackish  water  by  chloride  of  magnesia  (muriate  of  mag- 
nesium). This  last  salt  is  the  destructive  agent  in  sea  water. 
When  concentrated  it  decomposes  at  212°,  according  to  Faraday, 
forming  magnesia  and  hydrochloric  acid.  The  latter  on  being 
set  free  rapidly  corrodes  the  iron. 

From  water  containing  salts  of  iron  in  considerable  quantity 
the  incrustation  formed  has  often  a  red  tinge.  Chalybeate 
waters  are  generally  highly  injurious  to  the  plates,  and  the  film 
of  incrustation  next  to  the  iron  is  sometimes  of  a  deep  red, 
colouring  the  water  that  comes  in  contact  with  it  through  the 
fissures  in  the  scale,  by  which  the  presence  of  these  injurious 
salts  of  iron  is  easily  detected.  Some  kinds  of  the  softest  and 
purest  waters  deposit  small  scales  in  a  somewhat  curious  manner 
over  the  plates  about  -J-  inch  thick,  of  irregular  shape  from 
\  inch  to  1  inch  diameter.  On  removing  these  the  ■  plate 
is  found  corroded  underneath  sometimes  to  a  considerable 
depth. 

The  means  in  use  and  proposed  for  preventing  and  removing 
incrustation  may  be  classed  as  follows  :  — 

1.  Blowing  off. 

2.  Introduction  into  the  boiler  of  chemical  agents,  to  render 
the  impurities  in  the  water  more  soluble. 

3.  Introduction  of  mechanical  agents  calculated  to  prevent 
the  accumulation  of  the  deposited  particles  into  a  solid  mass, 
and  to  diminish  their  adherence  to  the  plates  and  tubes. 

4.  The  employment  of  internal  collecting  apparatus,  from 
which  the  deposit  can  be  removed  more  readily  than  from  the 
plates  and  tubes. 

5.  The  improvement  of  the  circulation  by  braticing  or 
separating  the  upward  and  downwards  currents  by  plates  or 
tubes. 

6.  Purification  of  the  water  previous  to  its  delivery  into 
the  boiler  by  heating,  treating  with  chemical  re-agents,  or 
filtration. 

7.  Surface  condensation. 

8.  Cracking  off  the  incrustation  already  formed  by  suddenly 
expanding  or  contracting  either  the  scale  or  the  plates. 

0.  Removal  by  manual  labour. 


INCRUSTATION. 


169 


10.  Employment  of  galvanic  or  other  agents  whose  action 
is  not  understood. 

11.  Allowing  the  boiler  to  cool  slowly  and  completely  before 
blowing  out. 

1.  Blowing  off  is  the  readiest,  and  therefore  the  most  fre- 
quently used  moans  for  both  the  prevention  and  removal  of 
incrustation.  In  most  land  boilers  the  blow-off  tap  is  only  in 
communication  with  the  boiler  bottom,  and  in  most  cases  its 
effect  is  too  much  localised  to  bo  of  any  great  value  as  a  pre- 
ventive of  incrustation.  But  there  are  many  boilers  provided 
with  one  or  more  internal  pipes,  extending  from  end  to  end 
along  tho  bottom,  and  in  connection  with  tho  blow-out  tap. 
These  pipes  are  usually  carried  about  1  i  clear  of  tho  plates, 
and  perforated  on  their  under  side,  where  tho  holes  are  not  bo 
liable  to  choke  up  as  on  tho  top.  Tho  common  practice  is  to 
uso  this  bottom  blow-out  apparatus  twice  or  thrice  a  day,  with 
tho  boilor  at  work. 

When  this  apparatus  is  kept  in  good  order,  experience  has 
shown  it  to  be  of  marked  value  where  tho  impurities  are  heavy 
and  sink  to  tho  bottom.  But  when  tho  water  contains  much 
carbonato  of  lime  and  carbonate  of  magnesia,  and  other  ingre- 
dients of  light  weight,  it  is  found  better  to  blow  olF  after  tho 
boiler  has  been  for  some  length  of  time  quiet,  and  tho  deposit 
has  had  time  to  settlo. 

Perhaps  the  best  indirect  proof  of  the  efficiency  of  the 
bottom  blow-out  apparatus  is  shown  iu  the  liability  of  tho 
blow-out  pipo  to  become  completely  furred  up  if  not  regularly 
used,  when  it  renders  the  emptying  of  the  boiler  no  ca>y 
matter. 

The  fact  of  the  impurities  in  many  boilers  being  held  in 
suspension  for  some  time  by  tho  agitation  of  the  water  after 
they  cease  to  be  soluble,  and  floating  as  scum  on  the  surface, 
has  suggested  the  plan  of  using  surface  blow-out  apparatus. 
Several  arrangements  of  this  kind  have  been  invented  and  are 
extensively  used.  They  are  all  alike  in  one  respect — they  offer 
a  quiet  place,  free  from  the  agitation  caused  by  the  ebullition, 
for  the  deposit  to  settle  in.  The  deposit  that  collects  is  blown 
out  at  intervals. 

One  arrangement,  at  one  time  much  used,  consists  of  one 
or  more  trumpet-shaped  mouthpieces,  in  which  the  scum 
collects,  placed  in  communication  by  vertical  pipes  with  the 
horizontal  bottom  blow-out  pipe.  The  mouth  is  best  placed 
horizontally  across  the  boiler,  and  facing  the  front  end  to  meet 
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the  surface  currents,  which  always  set  backwards  from  the  fire. 
This  arrangement  is  very  objectionable  when  applied  to  most 
descriptions  of  internally  fired  boilers  as  the  pipes,  both  hori- 
zontal and  vertical,  greatly  increase  the  already  very  arduous 
task  of  cleaning  out  the  boiler  bottom.  It  very  frequently 
happens  that  this  interference  with  the  sweeping  out  and 
cleaning  produces  a  greater  evil  than  it  seeks  to  remove,  and 
no  permanent  advantage  can  be  expected  from  the  introduction 
of  pipes  or  other  obstacles  along  or  near  the  bottom  of  Cornish, 
Lancashire,  and  similar  kinds  of  boilers. 

In  order  to  act  with  equal  efficiency  as  the  water  level  rises 
and  falls,  apparatus  have  been  introduced  to  float  on  the  water, 
but  the  incrustation  interferes  with  their  freedom  of  action,  and 
in  many  cases  they  soon  become  fixtures. 

Another  surface  blow-out  apparatus  consists  of  a  3-inch  or 
4-inch  pipe,  with  a  trough  cast  on  its  upper  side,  communi- 
cating with  a  blow-out  tap,  usually  fixed  on  the  boiler  front. 
This,  cast  in  short  lengths  to  admit  of  being  passed  through 
the  manhole,  extends  from  end  to  end  of  the  boiler,  and  is 
fixed  so  that  the  top  of  the  trough  is  just  about  one  inch  below 
the  mean  level  of  the  water.  In  order  to  be  most  effective, 
such  an  apparatus  should  be  placed  in  the  middle  of  the  boiler, 
but  here  it  would  greatly  interfere  with  the  cleaning  of  many 
kinds  of  boilers  ;  and  for  this  reason,  and  also  for  facility  of 
fixing,  it  is  usually  placed  on  one  side.  It  is  usual  to  have 
only  one  pipe  in  ordinary  sized  boilers,  but  two  would  answer 
better  in  a  boiler  sufficiently  large  for  their  admission  without 
interfering  too  much  with  the  cleaning  out. 

The  single  surface  blow-out  apparatus,  just  described,  has 
6een  extensively,  and  in  very  many  cases  successfully,  used.  In 
some  cases,  however,  it  has  fallen  into  disuse  and  been  aban- 
doned, in  consequence  of  the  little  additional  amount  of  labour 
necessitated  in  keeping  clear  the  perforations  along  the  top  of 
the  pipe,  without  which  they  are  liable  to  become  choked  up, 
which  renders  the  apparatus  worse  than  useless,  as  it  must 
always  interfere  with  the  free  access  to  some  part  of  the  boiler. 
The  plan  of  keeping  the  perforations  clear  by  introducing  the 
feed  through  them  has  been  patented,  and  has  given  satisfac- 
tory results.  Since  it  is  absolutely  necessary  that  the  feed 
inlet  should  be  kept  clear,  this  plan  ensures  the  requisite 
amount  of  attention  being  paid  to  the  blow-out  apparatus. 

An  objection  sometimes  raised  against  surface  blowing  out  is 
the  waste  it  causes,  which  is  stated  to  outweigh  any  small 
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pdvanlago  it  may  afford.  It  may  happen  thai  the  waste  in 
Mowing  out  the  hot  water  may  be  greater  than  the  loss  arising 
from  the  deposit  it  is  sought  to  remove.  This  will,  however, 
depend  upon  the  manner  of  using  the  apparatus,  and  as  this 
is  a  matter  of  somo  importance,  we  will  consider  the  principles 
on  which  its  efficiency  depends. 

If  tho  deposits  were  produced  merely  by  the  concentration 
of  the  water,  that  is,  if  they  were  precipitated  only  on  the  water 
arriving  at  the  poiut  of  saturation  ;  and  assuming  tho  concen- 
tration to  be  uniform  throughout  the  boiler,  incrustation  could 
be  almost  completely  prevented  by  blowing  off  from  any  part 
below  tho  water  level.  In  this  case  it  would  only  be  neee  >aiy 
to  extract  a  quantity  of  water  containing  a  quantity  of  salts 
equal  to  that  contained  by  tho  feed  introduced.  If  the  feed 
contained  1  per  cent,  of  any  salt,  and  it  required  o*  per  cent, 
to  saturate  it,  there  would  bo  no  precipitate  if  one-third  tho 
quantity  of  water  introduced  were  blown  out,  the  water  in  the 
boiler  being  thus  maintained  below  the  point  of  saturation. 
Ordinary  sea  water  contains  about  -^j  of  its  weight  of  common 
salt.  As  the  brine  in  the  boiler  should  never  be  allowed  to 
exceed  treble  that  strength,  tho  volume  discharged  should  bo 
equal  to  half  the  volume  of  water  evaporated.  In  many  cases 
it  is  inadvisable  to  allow  the  brine  to  rise  above  double  the 
strength  of  ordinary  sea  water,  or  to  exceed  of  saltncss  ;  the 
brine  discharged  should  then  bo  equal  in  volume  to  tho  nett  feed 
water,  or  the  quantity  evaporated.  Tho  loss  arising  from 
blowing  out  is  given  at  page  308. 

It  is  evident  that  the  beneficial  results  obtained  from  blowing 
out  the  brine  at  sea  would  always  bo  produced  with  the  other 
deposits  if  they  were  suspended  equally  throughout  the  whole 
body  of  water  in  the  boiler  on  ceasing  to  be  in  solution. 
Unfortunately,  however,  nearly  all  the  matters  excepting  the 
palts  of  soda  are  precipitated  by  tho  mere  elevation  of  tem- 
perature, and  are  no  longer  in  solution  at  ordinary  working 
temperatures.  The  heavy  sulphate  of  lime  deposits,  the  most 
troublesome  to  remove,  are  not  long  held  in  suspension.  It  is, 
therefore,  useless  to  rely  upon  blowiug  out  a  large  quantity  of 
water  to  prevent  the  formation  of  sulphate  of  lime  scale.  The 
lighter  particles  of  carbonate  of  lime,  which  are  longest  held 
in  suspension  when  the  water  is  in  agitation,  although  in 
great  measure  removable  by  surface  blowing  out,  are  not 
readily  extracted  by  blowing  out  a  large  quantity  of  water  at 
long  intervals,  as  many  suppose.      Careful  observation  has 
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shown  that  when  cither  a  surface  or  bottom  blow-out  tap  of  a 
land  boiler  is  opened,  the  deposited  matters  that  have  gathered 
in  the  pipes  are  copiously  discharged  all  at  once.  In  ordinary 
cases  their  flow  does  not  last  longer  than  from  5"  to  10". 
Unless  highly  soluble  salts,  as  those  of  soda,  are  present,  the 
water  discharged  after  this  contains  but  little  incrustation 
matter,  and  the  blowing  out  is  therefore  only  a  waste.  The 
proper  manner  of  using  blow-off  taps,  where  the  object  is  to 
extract  the  lime  and  magnesia  salts,  is  to  open  them  at  least 
every  hour,  or  as  soon  as  the  deposit  has  had  time  to  accu- 
mulate in  the  pipe,  for  about  10"  or  12"  at  a  time,  rather  than 
for  60"  or  more  every  three  or  four  hours,  which  is  the  prevail- 
ing custom.  This  practice  will  doubtless  cause  a  greater 
amount  of  wear  and  tear  of  taps  and  packing,  and  will  demand 
more  attention  than  is  usually  given. 

2.  The  number  of  chemical  substances  introduced  into  boilers 
with  a  view  to  increase  the  solubility  of  the  contained  salts,  by 
decomposing  them,  is  very  large,  and  their  use  has  been 
attended  with  widely  varying  degrees  of  success. 

Perhaps  the  most  extensively  employed  of  these  substances, 
since  it  is  the  cheapest  as  well  as  one  of  the  most  effective,  is 
carbonate  of  soda — the  common  soda  of  commerce.  White  ash, 
or  soda  ash,  being  cheaper,  is  often  used  instead,  but  is  less 
effective.  Soda  is  found  to  act  well  in  preventing  and  removing 
incrustations,  consisting  of  both  sulphate  of  lime  and  carbonate 
of  lime.  The  manner  in  which  the  soda  and  the  sulphate  in 
the  water  react  on  each  other  is  readily  understood.  These  two 
salts  exchange  their  acids,  the  result  being  the  formation  of 
sulphate  of  soda,  which  is  very  soluble,  and  carbonate  of  lime, 
which,  being  absent  from  any  carbonic  acid  in  excess,  is  insolu- 
ble, and  precipitates  without  forming  a  hard  incrustation.  The 
reaction  on  the  bi-carbonate  of  lime  contained  in  the  feed  water 
leads  to  the  same  result — the  precipitation  of  the  lime  salts. 
The  carbonic  acid  in  excess  is  seized  upon  by  the  soda  salt,  and 
the  carbonate  of  lime  is  very  rapidly  precipitated.  The  carbonic 
acid  taken  up  by  the  alkaline  carbonate  is  however  liberated 
again  by  the  heat,  and  the  soda  is  in  its  original  state,  and 
ready  to  act  again  as  before.  This  is  probably  the  reason  why 
a  very  small  quantity  of  soda  is  found  to  act  with  such  effect  in 
a  very  large  quantity  of  water. 

The  carbonate  of  lime,  after  settling,  which  it  does  most 
quickly  in  the  quietest  parts  of  the  boiler,  remains  for  the  most 
part  as  sludge  that  can  be  easily  washed  out,  as  has  already  been 
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grated,  and  therefore  tho  boiler  rIiouM  be  cooled  gradually,  and 
liot  emptied  whilst  tho  brickwork  and  plates  are  still  hot  enough 
to  bake  the  Kludge  into  a  hard  incrustation  along  with  the 
sulphate  of  lime  usually  found  with  it.  Beforo  settling,  this 
precipitate,  in  consequence  of  its  minute  division,  is  carried  by 
the  agitation  of  tho  water  to  the  surface,  and  remains  for  a  time 
as  a  scum,  although  the  specific  gravity  of  the  solid  carbonate  is 
about  2*7.  For  the  above  reason,  when  lime  salts  are  present 
in  any  considerable  quantity,  the  use  of  soda  should  always  bo 
accompanied  by  frequent  and  regular  blowing  out,  to  prevent 
priming,  and  tho  overheating  that  is  liable  to  take  place  from 
the  thickening  of  tho  wator,  or  from  the  settling  of  a  large 
quantity  of  deposit  on  tho  furnace  plates  when  tho  water  is 
allowed  to  become  quiet — as  at  meal  times. 

Tho  common  practize  of  introducing  the  soda  is  to  empty  a 
bucketful,  or  other  quantity,  in  tho  solid  state,  through  the 
manhole  when  tho  boiler  is  Idled  and  ready  to  start  after  el.  ail- 
ing, or  else  to  drop  it  periodically,  at  intervals  of  a  few  days, 
through  tho  safety  valve,  when  the  steam  pressure  can  be  allowed 
to  fall.  Now,  there  is  one  great  disadvantage  in  thus  intro- 
ducing soda  into  a  boiler  in  considerable  quantity  at  a  time, 
namely,  tho  tendency  it  has  to  cause  priming  and  all  its  accom- 
panying evils,  even  to  tho  breaking  of  cylinder  covers,  &0.  The 
liability  to  cause  mischief  from  the  injudicious  use  of  soda  has 
frequently  led  to  its  abandonment,  and,  like  many  other  useful 
agents,  the  evils  attending  its  abuse  are  worse  than  the  evils  its 
judicious  employment  would  remove. 

The  plan  of  introducing  tho  soda  into  tho  water  tanks  or  hot- 
wells  of  condensing  engines  from  which  the  boiler  is  fed  cannot 
bo  recommended,  as  a  great  quantity  of  the  water  usually  runs 
to  waste,  and  consequently  no  proper  estimate  can  be  formed 
of  tho  quantity  of  soda  that  actually  reaches  the  boiler.  The 
best  method  in  all  cases  is  to  dissolve  the  soda,  and  introduce 
it  continuously  with  the  feed,  which  can  be  done  by  connecting 
the  vessel  containing  it  with  tho  suction  pipe  of  the  pump  that 
supplies  the  boiler.  The  rate  of  flow  can  be  regulated  by  a 
small  tap  between  tho  suction  pipe  and  the  vessel  containing  tho 
soda.  When  the  boiler  is  fed  with  an  injector,  there  should  bo 
a  small  tank  from  which  the  feed  is  drawn,  in  which  tho  soda 
can  be  dissolved.  This  tank  should  be  drained  by  the  injector 
from  time  to  time,  to  insure  the  introduction  of  all  the  soda  into 
the  boiler.  The  proper  amount  of  soda  to  be  used  is  best  found 
by  experience.    The  usual  quantity  varies  from  1  lb.  to  2\  lbs. 
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per  day,  according  to  the  quality  and  quantity  of  the  watef 
evaporated.  With  soda  ash  a  larger  quantity  will  be  required, 
and  with  caustic  soda  a  smaller  quantity. 

When  used  in  excess,  soda  is  by  many  considered  to  destroy 
the  engine  packing,  and  to  attack  the  brass  work  below  the 
water  level,  such  as  the  water  gauges  and  other  mountings  on 
the  boiler  front.  There  can  be  no  doubt  that  the  brass  taps 
and  valves  often  require  more  frequent  regrinding  to  keep  them 
tight  when  soda  is  used  in  the  boiler.  This,  however,  may  be 
attributed  to  the  increased  amount  of  fine  grit  and  powder 
caused  to  float  on  the  surface,  which  acts  rapidly  on  the  brass 
wearing  surfaces,  and  is  another  reason  why  an  efficient  surface 
blow-out  should  be  provided  when  soda  is  used  in  water  con- 
taining much  carbonate  of  lime. 

Soda  does  not  act  injuriously  on  the  boiler  plates,  unless  the 
salt  is  concentrated  from  want  of  sufficient  blowing  off,  or 
unless  the  soda  itself  is  impure,  and  contains  acids.  Yet  it 
has  often  been  charged  with  causing  internal  corrosion  in  all  its 
various  forms.  The  belief  in  its  injurious  action  has  in  many 
cases  arisen  from  the  following  cause.  In  boilers  fed  with  water 
containing  corrosive  impurities,  together  with  matters  that  form 
a  thick  incrustation,  the  damage  done  by  the  former  is  in  time 
to  a  great  extent  prevented,  and  sometimes  altogether  con- 
cealed by  the  scale  formed.  On  employing  soda,  and  particularly 
caustic  soda,  to  remove  the  incrustation,  the  defects  in  the 
plates,  whose  presence  may  not  even  be  suspected,  become  ex- 
posed, and  being  attacked  anew  by  the  acids  in  the  water  used 
for  washing  out  the  boiler,  which  are  not  neutralized  by  the 
soda,  are  caused  to  "  bleed."  This  gives  them  the  appearance 
of  having  been  recently  formed,  and  their  presence  is  at  once 
set  down  to  the  action  of  the  soda. 

This  leads  us  to  the  consideration  of  another  valuable 
property  of  common  soda,  namely,  its  power  of  neutralising  the 
free  acids  so  often  found  in  the  purest  waters  used  for  boiler 
feeding,  as  well  as  in  those  containing  large  quantities  of  im- 
purities, and  which  are  the  direct  cause  of  pitting  and  other 
forms  of  corrosion.  The  introduction  of  about  half  a  pound  of 
soda  per  day  into  an  ordinary  large-sized  boiler  is  generally 
found  sufficient  to  prevent,  or  at  least  to  greatly  mitigate,  any 
corrosive  action. 

The  well-known  property  soda  has  of  dissolving  and  removing 
grease,  which  constitutes  one  of  its  chief  values  when  used  for 
domestic  purposes,  renders  it  very  useful  in  overcoming  the 
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difficulty  often  caused  by  tho  presence  of  grease  in  tho  water. 
The  foaming  up  of  tho  water  is  increased  by  the  addition  of 
soda  when  grease  is  pivsi-nt.  This,  if  allowed  to  take  plftOQ  to 
any  groat  extent,  is  liable  to  give  trouble  by  priming  ;  and 
againy  on  this  account,  a  scumming  apparatus  or  surface 
blow  out  should  be  used  wheuever  Boda  is  used  with  greasy 
water. 

Tho  low  price  of  soda-ash  leads  to  its  uso  instead  of  common 
soda  ;  but  it  is  often  sold  in  a  very  impure  state,  and  mixed  up 
with  other  matters  whose  introduction  into  the  boiler  had  batter 
be  avoided. 

Caustic  soda  is  also  used,  but  is  said  to  have  a  slightly  corro- 
sive action  when  concentrated.  It  removes  hard  sulphate  of 
lime  incrustations  more  rapidly  than  common  soda,  and  should 
be  employed  in  smaller  quantities.  Its  uso  should  always  bo 
accompanied  with  frequent  blowing  oil*. 

Potash,  or  carbonate  of  potasta,  acts  with  salts  of  lime  and 
magnesia  nearly  in  tho  samo  manner  as  common  soda.  Carbo- 
nate of  ammonia  acts  similarly  on  lime  salts,  but  does  not  pre- 
cipitate magnesia. 

Chlorido  of  barium  or  muriate  of  baryta  decomposes  sulphate 
of  lime,  forming  sulphate  of  baryta,  which  is  precipitated.  Tho 
chlorido  of  calcium  or  muriate  of  lime  left  behind  is  very  solu- 
ble, but  when  allowed  to  become  concentrated  is  liable  to  lead 
to  corrosiou. 

Tho  above,  and  many  other  chemical  compounds,  have  be/»n 
recommended  for  the  prevention  of  incrustation  but  as  none  of 
them  can  compare,  commercially  speaking,  with  soda,  they  are 
not  likely  to  bo  much  used. 

Catechu,  nutgalls,  and  other  astringents  containing  tannic 
acid,  h*vo  been  found  effective  in  preventing  and  removing  in- 
crustation. Tho  taunic  acid  decomposes  the  limo  salts,  and 
forms  tannate  of  lime,  which  is  insoluble  at  first,  and  forms  a 
scum  which  should  be  removed  by  surface  blowing  oft'.  Tho 
remaining  soluble  constituents  should  also  be  blown  off  fre- 
quently, as  their  concentration  is  liable  to  tell  severely  on  the 
iron  unless  the  acids  be  neutralised  by  sufficient  alkaline  sub- 
stances purposely  introduced.  Where  tannic  acid  is  found  to 
act  well,  perhaps  the  best  mode  of  supplying  it  is  to  suspend  iu 
the  boiler  a  log  of  oak  wood  with  the  bark  on,  from  which  the 
acid  is  gradually  extracted.  hi  all  cases  where  tannic  acid  is 
used,  its  effect  on  the  plates  and  tubes  should  be  carefully 
watched. 
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Sal-ammoniac,  or  muriate  of  ammonia,  has  also  been  success- 
fully used  for  preventing  and  removing  incrustations,  consist- 
ing chiefly  of  carbonates  of  lime  and  magnesia.  The  chlorin? 
contained  in  it  forms  with  the  lime  chloride  of  lime,  which  is 
soluble,  and  can  be  got  rid  of  by  blowing  off.  The  remaining 
compound,  namely,  carbonate  of  ammonia,  is  soluble,  and  also 
volatile,  and  may  pass  off  with  the  steam  ;  but  when  it  becomes 
concentrated,  it  attacks  the  plates  and  brass  work  about  the 
boiler,  and  on  this  account  the  use  of  sal-ammoniac  is  said,  in 
many  cases,  to  have  been  abandoned. 

For  removing  incrustation  already  formed,  hydrochloric  or 
muriatic  acid  has  been  recommended.  It  is  usual  to  introduce 
it  before  the  boiler  is  cooled  down  previous  to  cleaning.  It 
dissolves  the  deposits  of  carbonates  of  lime  and  magnesia,  form- 
ing the  soluble  chlorides  of  lime  and  magnesium,  which  pass 
away  with  the  water  on  emptying,  or  being  in  a  state  of  sludge 
can  be  readily  washed  or  swept  out.  Unless  used  with  very 
great  care  this  acid  is  very  liable  to  attack  the  plates  and  tubes 
seriously,  and  on  this  account  its  employment  cannot  be  recom- 
mended. Arsenical  and  other  compounds  have  also  been  re- 
commended and  used  in  a  limited  degree.  One  important 
circumstance  in  connection  with  the  employment  of  these  sub- 
stances should  be  noticed.  On  account  of  the  expense  attend- 
ing their  use  it  is  too  often  recommended  not  to  .  blow  out  the 
water  from  the  boiler  for  a  length  of  time,  during  which  the 
boiler  is  working,  in  order  to  get  the  utmost  benefit  from  the 
ingredients.  The  effect  of  this  is  to  thicken  the  water  to  such  a 
degree  by  the  concentration  of  solid  matters  as  to  endanger  the 
safety  of  the  boiler  from  overheating. 

It  frequently  happens  that  there  is  a  choice  of  two  waters 
for  feeding  the  boiler  ;  the  one  a  spring  or  brook,  containing 
ingredients  that  form  a  hard  incrustation,  the  other  a  surface 
water  containing  peatly  or  other  acid  substances,  which  act 
injuriously  on  the  plates,  but  at  the  same  time  dissolve  the 
calcareous  matters  deposited  by  the  first.  In  such  cases  it  is  j 
found  of  great  advantage  to  play  one  water  off  against  the 
other,  the  hard  water  being  used  first  to  protect  the  plates,  and 
the  other  afterwards  to  remove  the  incrustation  formed. 

The  use  of  chemical  substances  for  preventing  and  removing 
scale  by  rendering  it  soluble  is  most  required  in  boilers  inacces- 
sible for  hand  cleaning,  or  for  the  solution  of  large  fragments  of 
scale  that  have  been  loosened  or  detached  by  agents  that  act 
mechanically  ;  and  as  such  boilers  cannot  be  well  examined 
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Internally,  the  greater  care  is  necessary  not  to  introduce  any- 
thing into  them  that  is  liable  to  injure  the  plates. 

3.  The  substances  used  to  act  mechanically  in  preventing 
and  removing  incrustation  by  decreasing  the  cohesion  and  ad- 
hesion of  the  deposited  particles,  are  even  more  numerous  than 
those  employ  cm  1  to  act  chemically  in  decompn  iirj  a  tid  dissolving 
the  solid  matters.  Iu  fact  it  is  difficult  to  mention  any  common 
commodity  that  has  not  been  employed  to  prevent  incrustation 
in  one  way  or  the  other,  although  the  manner  in  which  different 
substances  may  act  is  often  not  understood  by  tho.se  who  employ 
them. 

The  substances  that  act  mechanically  may  be  divided  into  two 
classes,  namely,  first,  those  that  envelop  the  precipitated  suli  1 
particles  in  a  glutinous  or  slimy  coating,  which  prevents  their 
adherence  to  each  other,  ami  to  the  plates  and  tubes  ;  and, 
secondly,  those  that  act  by  diffusion  among  the  particles,  so  as  to 
prevent  their  cohesion  by  interposition,  Belongiug  to  the  Bit! 
class  are  such  articles  as  Irish  moss  and  some  other  species  of 
marine  alga?,  potatoes,  tallow,  oil,  starch,  linseed,  sugar, 
molasses,  stearine,  gum,  dextrine,  and  a  host  of  similar  in- 
gredients. Flitches  of  spoiled  bacon  have  been  cut  up  and  put 
inside  boilers,  bones  and  all.  In  a  few  instances  whole  dead 
carcases  of  pigs,  dogs,  rabbits,  and  other  animals,  have  been 
introduced,  with  the  object  of  boiling  the  fatty  matters  out  of 
them.  The  danger  of  using  such  expedients  as  those  last 
enumerated  need  not  bo  dwelt  upon.  However  well  tin-  use  <-f 
greasy  substances  may  have  been  found  to  answer  in  individual 
cases,  it  has  nevertheless  been  the  cause  of  an  immense  amount 
of  trouble.  It  has  already  been  pointed  out  that  grease  is  a  source 
of  danger  in  a  boiler,  and  on  no  account  should  it  be  used, 
especially  when  the  feed  water  contains  carbonates  of  lime  and 
magnesia,  The  majority  of  the  above  substances  are  largely  used 
in  different  countries  ;  and  the  benefit  resulting  from  their  em- 
ployment in  many  cases  cannot  be  disputed.  But  the  common 
practice  of  introducing  lumps  of  tallow  aud  other  substances 
cannot  be  too  strongly  condemned.  The  tallow  of  commerce 
varies  considerably  in  its  nature,  and  in  its  behaviour  inside  a 
boiler.  It  is  usually  assumed  that  it  melts  immediately  the 
water  becomes  hot,  but  there  are  numerous  instances  of  large 
pieces  of  unmelted  tallow  having  been  found  inside  a  boiler 
after  working  for  two  months  at  40  lbs.  pressure  or  more.  In 
some  cases  the  tallow  seems  to  change  its  nature  on  becoming  per* 
meated  by  the  steam.  It  sometimes  combines  with  the  calcareous 
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matters,  and  forms  into  small  round  balls,  by  being  rolled  about 
the  boiler  bottom.  These  are  easily  removed  when  the  boiler 
is  cleaned  out,  but  are  liable  to  cause  trouble  if  they  lodge  on 
the  furnace  plates.  The  tallow  appears  to  combine  with  the 
lime  salts,  forming  an  insoluble  soap,  which  will  remain  for 
any  length  of  time  unaltered  in  the  boiler.  The  introduction 
into  a  boiler  of  some  of  the  glutinous  substances  mentioned  has 
sometimes  a  wonderful  effect  in  detaching  large  pieces  of  incrus- 
tation that  can  only  be  likened  to  flags.  The  greasy  matter 
insinuates  itself  in  an  irresistible  and  curious  manner  between 
the  layers  of  scale  and  the  plates,  and  the  variations  cf  tem- 
perature or  a  few  blows  with  a  hammer  complete  the  detach- 
ment. Some  of  the  more  viscid  substances  act  better  than  oil 
in  this  respect  :  they  appear  more  searching  and  tenacious. 

Belonging  to  the  second  class  are  clay  and  similar  substances, 
which  are  mixed  with  water  and  introduced  along  with  the  feed. 
Mixing  intimately  with  the  other  solid  particles  as  they  become 
disengaged,  the  clay  prevents  their  cohesion.  This  action  is, 
however,  by  no  means  certain,  and  it  is  obvious  that  this  ex- 
pedient only  adds  to  the  solid  matters  held  in  suspension,  which 
too  often  find  their  way  to  the  engine  cylinder,  and  are  very 
liable  to  settle  upon  the  furnace  plates  when  the  damper  ie 
closed  and  the  boiler  is  quiet  at  meal  times  and  over  night. 
Experience  has  proved  the  disadvantage  of  this  method,  and  it 
is  now  but  very  rarely  employed.  Colouring  matters,  such  as 
logwood,  are  found  to  act  in  a  similar  manner  to  the  above  in 
preventing  the  cohesion  and  accretion  of  deposit.  They  are 
introduced  either  in  the  form  of  powder  or  chips.  In  the 
former  shape,  however,  the  substance  i3  likely  to  cause  trouble 
at  the  cocks  and  valves. 

In  order  to  prevent  the  adhesion  of  the  deposited  matters,  it 
is  a  common  practice  to  smear  the  plates  and  tubes  over  with 
slimy  or  oily  mixtures  every  time  the  boiler  is  emptied  and 
cleaned.  A  favourite  mixture  consists  of  tallow,  blacklead,  and 
soft  soap  ;  railway  grease  and  other  similar  substances  being 
sometimes  added.  Provided  the  coating  of  grease  is  thin,  and 
laid  carefully  on  with  a  brush,  it  is  far  less  objectionsble  than 
the  introduction  of  grease  into  the  boiler  in  large  pieces,  or 
even  in  a  fluid  state,  when  it  is  always  liable  to  stick  to  the 
plates  and  cause  overheating.  There  are  many  cases  where 
boilers  fed  with  water  containing  sulphate  of  lime  have  been 
kept  very  free  from  incrustation  when  the  smearing  is  frequently 
and  carefully  carried  out. 
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There  is  yet  another  way  in  which  foreign  particles  added  to 
the  feed  water,  and  which  have  no  tendency  to  cohere  or  c  OH- 
glomerate,  act  in  preventing  the  hardening  of  the  incrustation 
on  the  plates.  They  form  nuclei,  round  which  the  particles  of 
lime  and  other  salts  collect  before  they  subside.  These  centre? 
of  deposit  do  not  readily  agglomerate,  and  can  be  easily  removed 
by  washing  out.  Sand,  and  sawdust  of  different  kinds  of  wood, 
but  principally  mahogany,  have  been  used  with  this  object. 
The  great  objection  to  this  method  in  some  cases  is  the  liability 
of  the  small  foreign  substances  to  bo  carried  over  iuto  the 
cylinders,  and  there  cause  trouble  ;  and  the  employment  of 
such  a  substance  as  sawdust  is  not  conducive  to  safety  and  con- 
venience in  working  the  taps  and  valves  about  the  boiler. 

A  great  number  of  the  proprietary  anti-incrustation  compo- 
sitions act  mechanically,  others  depend  upon  a  chemical  action 
for  their  alleged  efficiency,  whilst  a  few  aim  at  supplying  both 
modes  of  action  for  the  prevention  and  removal  of  incrustation. 
These  compositions  are  often  sold  as  being  eflicacious  with  all 
kinds  of  water.  The  possession  of  any  such  efficacy  is  scarcely 
worthy  of  emphatic  denial.  A  composition  that  may  act  bene- 
ficially in  one  kind  of  boiler,  and  with  a  certain  water,  may 
prove  actually  dangerous  when  used  under  different  condition! 
of  boiler  arrangement  and  water.  The  remark  may  be  here 
repeatod,  that  with  a  view  to  prevent  watting  any  of  the 
composition,  often  purchased  at  an  exorbitant  price,  a  recom- 
mendation is  frequently  given  not  to  blow  off  the  boiler  for  some 
time,  perhaps  a  week,  after  the  composition  is  introduced,  in 
order  that  it  may  be  used  to  the  greatest  advantage.  Thin 
advice  should  never  bo  followed,  as  the  bottling  up  of  a  boiler 
for  a  length  of  time,  and  thereby  concentrating  a  large  quantity 
of  carbonates  of  lime  or  magnesia,  in  combination  with  grouty 
or  glutinous  matters,  is  attended  with  great  risk  of  overheating. 
There  is  also  another  consideration  which  should  not  bo  over- 
looked :  the  purchase  of  these  nostrums  has  often  an  indirect 
tendency  to  make  matters  worse  rather  than  to  improve  them, 
for  their  certain  efficacy  is  so  highly  lauded  by  the  vendors  that 
the  boiler  attendants  think  they  have  nothing  else  to  do  than 
introduce  the  composition  according  to  directions,  and  sparo 
themselves  all  further  trouble  of  carefully  removing  the  scale 
by  chipping  or  washing  out  when  the  boiler  is  periodically 
emptied.  The  result  of  this  is  anuoyance,  expense,  and  actual 
danger.  Instances  may  be  cited  where  the  purchase  of  a  well- 
known  anti-incrustation  compound  to  the  extent  of  nearly 
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£200  per  annum  has  only  resulted  in  shortening  the  life  of  the 
purchasers'  boilers  by  50  per  cent. 

4.  Besides  the  bottom  and  surface  blow-out  apparatus,  the 
plan  has  also  been  tried  of  suspending  in  the  boiler  independent 
vessels  of  various  descriptions,  blocks  of  wood,  pieces  of  sheet 
iron,  and  other  suitable  contrivances  for  the  deposit  to  settle 
upon  instead  of  upon  the  plates.  These  can  be  taken  out  of 
the  boiler  and  the  scale  removed  by  hammering,  or  cracked  off 
by  sudden  expansion  and  contraction.  This  principle  is  most 
fully  carried  out  in  the  method,  which  has  been  to  some  extent 
adopted,  of  lining  the  boiler  shell  with  a  series  of  short  lengths 
of  plate,  which  are  kept  a  few  inches  distant  from  the  boiler  by 
suitable  distance  pieces,  forming,  in  fact,  a  duplicate  bottom 
and  sides,  which  terminate  a  few  inches  below  the  water  level. 
By  this  means  the  passage  for  the  escaping  steam  particles  and 
ascending  current  of  water  is  contracted,  and  the  rapidity  of  the 
circulation  increased  in  proportion.  The  solid  matters  carried 
by  the  circulation  over  the  top  of  the  plate  are  deposited  on  the 
inside  lining,  where  the  water  is  comparatively  quiet,  whence 
they  are  removed  bodily  with  the  lengths  of  plate  through  the 
manhole.  It  is  obvious  that  this  plan  is  most  applicable  to 
plain  cylindrical  boilers.  The  objection  to  it  appears  to  be  the 
difficulty  it  offers  to  cleaning  and  examining  the  boiler  plates 
when  the  casing  becomes  too  thickly  coated  with  a  hard  incrus- 
tation to  admit  of  ready  removal  and  replacing,  which  it  will 
inevitably  do  in  course  of  time,  with  very  bad  feed  water,  unless 
care  be  taken  that  the  boiler  is  not  cooled  down  rapidly 
previous  to  emptying  for  cleaning.  So  long  as  the  boiler 
Is  gradually  cooled  and  emptied  cold  much  of  the  deposit 
will  remain  soft,  in  which  state  it  would  also  be  found,  at 
least  to  a  great  extent,  under  the  same  conditions  without  the 
casing. 

5.  The  prevention  of  the  deposition  of  the  solid  matters 
where  they  would  prove  troublesome,  is  effected  by  improving 
the  circulation  of  the  water  either  locally  or  throughout  the 
boiler  by  the  method  last  noticed,  and  other  similar  devices,  as 
well  as  by  the  addition  of  water  tubes  in  Cornish  and  Lanca- 
shire boilers.  There  are  several  patented  arrangements  of 
tubes  for  improving  the  circulation  and  increasing  the  amount 
of  heating  surface  in  boilers  of  limited  size,  which  are  said  to 
remain  free  from  scale  by  virtue  of  the  circulation  maintained 
within  them.  This  is  true  with  moderately  good  water,  and 
where  they  are  well  attended  to,  but  with  very  bad  feed  water 
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and  ordinary  attention  most  kinds  of  "  improved  circulation  n 
tubes  will  be  found  to  give  trouble. 

6.  Tho  employment  of  external  collecting  vessels  in  which 
the  calcareous  and  other  matters  are  deposited  previous  to  tho 
entrance  of  the  water  into  the  boiler  has  long  been  in  vogue  as 
a  preventive  of  incrustation.  The  carbonate  of  lime  may  l>o 
precipitatod  in  close  or  open  vessels  or  in  pipes,  by  tho  applica- 
tion of  tho  wasto  heat  from  the  boiler,  or  by  heating  the  water 
with  tho  exhaust  steam.  In  order  to  throw  down  any  con- 
siderable quantity  of  sulphate  of  lime,  the  water  must  b<  WtTJ 
highly  heated,  and  pipes  placed  in  the  flue  may  be  employed. 
It  is  evident  that  this  is  only  removing  tho  annoyance  ono 
degree,  as  the  incrustation  which  forms  in  the  secondary  vessels 
in  its  turn  requires  removal.  It  is  on  this  account  that  this 
mode  of  purification  is  not  more  extensively  adopted.  It  must, 
however,  be  urged  in  favour  of  this  system  that  when  tho  cal- 
careous matters  are  extracted  in  sufficient  quantities  to  keep  tho 
boilor  in  a  satisfactory  condition,  the  danger  from  overheating 
should  bo  removed. 

Dr.  Clark's  well-known  process  of  purification  comes  under 
this  head.  Instead  of  applying  heat,  this  method  consists  in 
adding  a  measurod  quantity  of  lime  in  solution  to  the  water 
containing  bicarbonate  of  lime.  Tho  added  lime  combines 
readily  with  the  carbonic  acid,  and  the  resulting  carbonate  of 
limo  is  precipitated  along  with  tho  disengaged  carbonate  which 
was  held  in  solution  as  a  bicarbonate. 

When  the  water  contains  also  sulphate  of  lime,  this  may  bo 
subsequently  precipitated  by  the  addition  of  soda  salts.  Indeed, 
both  the  lime  salts  could  be  precipitated  in  a  single  process  by 
a  solution  of  carbonate  of  soda,  but  tho  doublo  process  would 
probably  prove  less  costly  in  the  long  run.  In  these  chemical 
processes  the  water  should  bo  analysed,  and  the  proper  amount 
of  lime  or  soda  to  be  added  determined  by  actual  test.  Where 
tho  quantity  of  lime  salts  varies  considerably  at  different  times, 
these  chemical  processes  are  scarcely  applicable,  in  consequence 
of  the  number  of  tests  necessitated  to  arrive  at  the  proper 
quantity  of  lime  water  to  be  added.  Clark's  process  has  been 
employed  to  some  extent  with  success,  but  it  appears  too  deli- 
cate in  its  application  to  come  into  general  use.  When  com- 
pletely carried  out,  the  purified  water  requires  filtering,  and  this 
necessitates  the  employment  of  two  or  three  separate  tanks,  and 
an  amount  of  attention  which  is  not  easily  obtained.  It  is  pro- 
bably only  where  the  water  available  is  so  bad  as  to  be  quite 
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unfit  for  use  that  this  system  is  employed.  The  space  occupied 
by  the  external  collecting  vessels  and  their  additional  weight, 
renders  the  plan  inadmissible  in  many  cases.  It  may  be  re- 
marked that  many  of  the  anti-iDcrustation  compounds  might  be 
applied  with  more  advantage  and  less  danger  in  external  purify- 
ing vessels  than  in  the  boilers. 

7.  In  those  cases  where  the  feed  water  holds  much  foreign 
matter  in  suspension,  usually  in  the  form  of  sand  or  clay,  it 
is  advisable  to  resort  to  filtration,  by  forcing  the  water  up- 
wards through  a  series  of  layers  of  pebbles,  bones,  or  other 
suitable  materials.  These,  in  their  turn,  require  frequent 
cleaning,  which  is  usually  best  effected  by  turning  on  a 
current  of  steam  or  hot  water  through  them  as  often  as  found 
necessary. 

8.  The  system  of  surface  condensation,  found  so  efficacious 
with  salt  water  in  sea-going  steamers,  has  made  remarkably 
little  progress  in  its  application  to  land  boilers  and  condensing 
engines. 

This  system  consists  in  passing  the  steam  from  the  cylinders 
in  one  direction  over  the  internal  or  external  surface  of  a  num- 
ber of  tubes,  where  it  is  condensed  by  contact  with  the  surface, 
cooled  by  a  stream  of  water  (or,  more  rarely,  by  a  current  of 
air)  passing  continually  in  the  other  direction  and  on  the 
other  side  of  the  tubes.  The  condensed  steam  is  thus  ren- 
dered capable  of  being  used  continuously  over  and  over  again 
in  the  boiler.  There  can  be  no  doubt  that  this  method  could 
be  applied  with  advantage  in  using  many  descriptions  of  water 
acidulated,  or  impregnated  with  salts  that  cause  trouble  in  the 
boiler. 

It  has  been  found  that  very  pure  or  distilled  water  acts 
injuriously  on  the  plates,  and  in  most  cases  where  surface  con- 
densation is  used  it  is  advisable  to  allow  the  internal  surface 
of  the  plates  and  tubes  to  become  covered  with  a  very  thin 
coating  of  incrustation,  in  order  to  protect  them  from  the 
corrosive  action  of  the  water.  This  coating,  in  some  cases,  it 
will  be  found  necessary  to  renew  from  time  to  time  by  using 
a  certain  quantity  of  water  containing  lime-salts,  which  it  may 
be  necessary  to  supply  artificially. 

In  some  surface  condensers  the  side  of  the  tubes  in  con- 
tact with  the  steam  is  found  to  become  coated  and  clogged 
with  grease.  This  can  be  best  removed  by  washing  with  an 
aqueous  solution  of  soda  or  potash. 

In  using  sea  water  for  surface  condensation  no  trouble  is 
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likely  to  ariso  with  the  wator  side  of  the  tubal  ;  but  in  using 
fresh  wator,  containing  bicarbonate  of  lime,  the  elevation  of 
temperature  will  cause  tho  precipitation  of  the  lime  salt, 
•vbich  will  rapidly  incrust  the  surfaces  it  comes  in  contact  with 
and  so  impair  the  efficiency  of  tho  apparatus.  It  i*,  perhaps, 
on  this  account  that  surface  condensers  are  not  so  applicable  to 
many  kinds  of  fresh  water  as  to  sea  water. 

It  has  also  been  found  that  the  grease  carried  over  from  the 
engine  cylinders,  in  using  the  condensed  steam  unchanged  for 
a  lengthened  period,  acts  injuriously  in  pitting  tho  plates  and 
iron  tubes  of  the  boilers.  This  defect  has  been  ascribed  by 
many  to  the  decomposition  of  tho  grease  and  tallow  by  tho 
protracted  action  of  tho  steam  and  hut  water,  by  which  a  fatty 
acid  is  formed  that  attacks  tho  iron  where  tho  grease  lodges. 
The  fact  of  small  particles  of  brass  and  eopper  having  sometimes 
been  found  in  the  pitted  holes,  has  given  rise  to  tho  opinion 
that  the  corrosion  is  duo  to  galvanic  action.  This  supposition  i>, 
however,  rendered  improbable  by  tho  fact  of  the  pitting  being 
often  more  marked  when  no  brass  or  copper  is,  or  can  be, 
present.  The  action  of  the  acids  can  be  prevented  by  intro- 
ducing solid  carbonate  of  lime  or  other  substances  having 
similar  chemical  properties,  which  will  form  with  tho  acid  a 
solid  insoluble  soap.  This  plan  is,  however,  open  to  tho 
objection  that  tho  heavy  compounds  are  liable  to  .-ettle  upon 
tho  plates  or  tubes,  and  cause  overheating. 

9.  When  incrustation  has  once  formed  the  safest  plan  for 
its  removal  is  to  chip  it  oft*  carefully  with  suitable  tools. 

This  is  sometimes  a  most  laborious  and  slow  operation  where 
the  construction  of  tho  boiler  is  at  all  complicated  and  the 
scale  is  refractory.  In  such  cases  tho  chipping  is  by  no  means 
i  simple  process,  and  tho  ingenuity  of  the  engineer  is  often 
taxed  to  devise  suitable  tools  fee  acting  effectively  on  inacces- 
sible parts  of  the  boiler.  Tho  chipping  should  always  be  care- 
fully done,  so  as  to  injure  the  surface  of  the  plates  and  rivet 
heads  as  little  as  possible.  By  rough  and  careless  workmen 
the  indentations  made  iu  the  iron  with  the  chisels  and  picks 
only  serve  as  so  many  poiuts  for  the  firmer  adhesion  of  tho 
scale  subsequently  formed,  and  from  which  it  is  always  more 
difficult  to  remove  than  from  the  unbroken  surface  of  the 
plates.  Any  corrosive  agent  present  in  the  water  ha3  also  a 
better  opportunity  for  attacking  the  iron  when  the  surface  is 
broken. 

10.  Perhaps  the  most  objectionable  method  of  removing 
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the  incrustation,  although  frequently  employed,  is  to  crack 
it  off  by  suddenly  contracting  or  expanding  the  plates  or 
the  incrustation  itself.  The  contraction  is  efFected  by  sud- 
denly letting  into  the  boiler,  after  blowing  off  with  the  steam 
up,  a  volume  of  cold  water,  or  opening  wide  the  furnace 
doors,  chimney  damper,  and  entrances  to  the  flues  as  soon  as 
the  fire  is  drawn.  This  is  often  found  to  bring  the  scale  off 
in  large  fragments,  or  so  to  loosen  it  that  it  falls  off  during 
the  subsequent  working  of  the  boiler,  if  it  does  not  readily 
admit  of  being  immediately  hammered  or  wedged  off.  The 
consequences  likely  to  arise  from  this  reckless  practice  are  too 
obvious  to  require  special  comment,  suffice  it  to  remark  that  it 
has  directly  caused  the  destruction  of  many  a  boiler,  and  indi- 
rectly the  loss  of  many  a  life.  It  is  an  expedient  too  often  re- 
sorted to  by  attendants  who  have  an  interest  in  showing  the 
apparent  efficacy  of  many  worthless  boiler  incrustation  remedies. 
Unscrupulous  vendors  of  compositions  and  other  alleged  methods 
of  removing  incrustation  have  been  known  to  bribe  boiler 
attendants,  who,  in  order  to  convince  their  employers  of  the 
alleged  benefit  arising  from  the  use  of  the  vaunted  nostruui, 
are  compelled  to  have  recourse  to  the  reckless  measure  in 
question. 

The  removal  of  scale  by  expansion  is  effected  by  cooling 
the  boiler  down,  either  suddenly  or  gradually,  and  allowing  it 
to  stand  until  quite  cold,  when  steam  superheated,  or  as  hot 
as  it  can  be  procured,  is  let  suddenly  into  the  closed-up 
boiler.  This  has  the  effect  of  causing  the  incrustation  to  ex- 
pand more  rapidly  than  the  underlying  plates,  when  it  breaks 
and  falls  off,  or  loosens  its  hold  sufficiently  to  admit  of  being 
easily  removed  by  manual  labour.  This  expedient  is  only 
sometimes  successful,  but  is  always  attended  with  a  risk  of 
starting  the  seams  and  joints,  and  so  causing  injury  to  the 
boiler.  Its  use  cannot  therefore  be  recommended.  It  has 
often  been  tried  and  failed,  especially  when  the  outside  of  the 
boiler  is  still  warm,  and  the  incrustation  is  covered  with 
moisture,  which  prevents  the  sudden  effect  of  the  steam  where 
it  is  required. 

11.  Attempts  have  been  made  at  various  times  to  prevent 
the  formation  of  scale,  and  to  remove  it  when  already  formed, 
by  magnetism.  The  manner  in  which  the  electric  current  is 
induced  in  some  of  the  so-called  magnets  that  have  been  em- 
ployed is  by  no  means  clear,  and  in  some  instances  the  pro- 
duction of  any  electric  action  is  more  than  doubtful.  Andj 
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even  supposing  a  current  to  ba  produced  by  tho  disturbance  of 
;ho  electric  equilibrium,  in  the  disengagement  and  discharging 
of  tho  steam,  tho  whole  electric  force,  even  whon  concentrated, 
is  probably  so  small  in  amount  under  tho  unfavourable  con- 
ditions found  in  a  boiler,  as  to  bo  oi  no  practical  importance. 

Again,  tho  manner  of  action  of  tho  electric  current  in  pre- 
venting the  deposit  from  forming  or  hardening  is  not  known. 
Whether  a  vibration  of  the  plates  and  tubes  is  causo<l,  or 
whether  they  are  mado  to  expand  and  contract  continuously,  in 
such  a  manner  as  to  loosen  tho  scale  and  prevent  its  adherence, 
is  by  no  moans  clear,  and  it  is  certain  that  any  audi  actions 
could  only  prove  detrimental  to  the  boiler. 

The  employment  of  electricity  as  an  anti-incrustative  igent 
is  almost  abandoned  at  tho  present  day,  but  we  may  shortly 
expect  a  revival  of  it  in  one  form  or  another. 

That  this  means  of  removing  scale  has  been  stated  to  bo 
successful  on  what  should  bo  good  authority  there  can  bo  no 
doubt.  But  in  more  than  one  case  it  has  been  found  that 
gold  and  not  electricity  was  tho  agent  to  which  the  incru Nation 
yielded.  Auy  unscrupulous  boiler  attendant,  by  su  idenly 
cooling  the  plates  when  emptying  the  boiler,  can  produce 
results  which  ho  can  ascribe  to  the  eflicacy  of  any  kind  of 
anti-incrustator  it  may  be  to  his  interest  to  extol. 

12.  Tho  simplest,  and  at  the  same  time  the  most  neglected, 
method  of  preventing  and  removing  incrustation,  is  t^>  allow 
the  boiler  to  cool  as  gradually  as  possible,  and  to  stan  I  with 
tho  cold  water  in  for  a  few  days  before  emptying,  which  should 
bo  dono  frequently.  By  this  means,  which,  however,  in  mOftt 
cases  requires  the  use  of  a  spare  boiler,  the  deposit!  are  laved 
from  being  baked  hard  and  fast  to  the  plates,  and  the  snlphaie 
of  lime  already  indurated  has  an  opportunity  of  redissolving  in 
the  cold  water,  and  on  emptying  a  boiler  with  moderately  bad 
water,  a  much  greater  amount  of  silt,  mud  or  sludge  will  be 
found  all  over  the  inside  below  the  water  lino  than  when  tho 
boiler  is  blown  out  with  steam  up. 

Now,  the  difficulty  of  getting  men  to  undertake  the  unplea- 
sant job  of  wallowing  amongst  this  wet  mud  in  the  attempt  to 
brush  it  out  of  some  kinds  of  boilers  is  the  principal  objection 
the  advocates  of  this  plan  have  to  contend  against.  The  labour 
can,  however,  be  much  shortened  by  washing  out  the  sludge 
with  a  hose  pipe  when  a  head  of  water  is  available  Boilers, 
by  this  simple  method,  and  the  use  of  a  small  quantity  of  soda, 
have  been  relieved  from  the  evil  of  thick  incrustation  after  the 


186 


A  TREATISE  ON  STEAM  BOILERS. 


failure  of  many  expensive  boiler  compositions.  Against  this 
method  it  is  sometimes  urged  that  the  bottom  blow-out  pipes 
become  choked  up  unless  the  boiler  contents  are  emptied  while 
there  is  still  a  considerable  pressure  after  the  fires  are  drawn. 
This  objection  always  proves  a  defect  in  the  arrangement  or 
attention  to  the  blow-out  apparatus  rather  than  any  defect 
involved  in  the  principle  recommended.  When  it  is  required 
to  cool  a  boiler  down  rapidly,  it  will  be  found  best  to  run  in 
cold  water  at  the  same  rate  as  the  hot  water  is  discharged. 
By  this  means  the  cooling  is  effected  rapidly,  but  gradually  and 
uniformly. 


CHAPTER  IX. 


WL'AB  AND  TEAR 

From  tho  hour  a  boiler  is  set  to  work  it  is  acted  upon  by 
destroying  forces  more  or  less  severe  and  uncontrollable  in  their 
work  of  deterioration.  These  forces  may  bo  distinguished  as 
chemical  and  mechanical.  In  most  cases  they  operate  inde- 
pendently, yet  they  are  frequently  found  acting  conjointly  in 
bringing  about  the  destruction  of  tho  boiler,  which  will  be  more 
or  less  rapid  according  to  circumstauces  often  difficult  to  detect 
or  fix  upon  with  certainty. 

Corrosion,  internal  and  external,  but  more  especially  tho 
latter,  is  tho  malady  that  most  boilers  are  liable  to  suffer  from. 

Internal  corrosion  presents  itself  in  various  forms,  each 
having  a  character  of  its  own,  but  only  sometimes  strongly 
marked.  These  are  usually  designated  as — 1,  uniform  corro- 
sion or  wasting  ;  2,  pitting  or  honeycombing  ;  and  3,  grooving. 
Tho  first  mentioned  is  tho  effect  of  the  chemical  action  of  tho 
feed  water  or  substances  introduced  into  the  boiler  ;  the  second 
is  also  duo  to  chemical  agents,  assisted,  as  held  by  many,  by 
galvanic  action  ;  tho  third  is  due  to  chemical  and  mechanical 
action  combined. 

By  uniform  corrosion  is  meant  that  description  of  wasting 
of  the  plates  or  tubes,  where  the  water  corrodes  them,  in  a 
more  or  less  uniform  and  even  manner,  in  patches  of  consi- 
derable extent,  and  where  there  is  usually  no  well-defined  lino 
between  tho  corroded  part  and  the  sound  plate.  Although 
seldom  so  uniform  in  its  ellectsas  ordinary  rusting,  this  corrosion 
yet  approaches  it  in  its  character  and  etlects.  The  presence  of 
this  as  well  as  of  the  other  kinds  of  corrosion  is  generally  not 
difficult  to  detect.  Even  when  covered  with  a  considerable 
thickness  of  incrustation  its  presence  is  often  revealed  on 
emptying  the  boiler  by  the  "  bleeding,"  or  red  streaks,  whera 
the  scale  is  cracked.  But  in  some  cases,  even  where  the  plates 
are  free  from  incrustation,  uniform  corrosion,  in  consequence  of 
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its  oven  surface  and  tho  absence  of  any  well-defined  limit  to  its 
extent,  may  readily  escape  detection.  Often,  when  actually 
discovered  to  exist,  the  depth  to  which  it  has  penetrated  can 
only  be  ascertained  by  drilling  holes  through  the  plate  and 
measuring  the  amount  of  material  remaining.  With  lap  joints 
the  thickness  remaining  at  the  edge  of  the  plate  and  round  the 
rivet  heads  may  serve  as  a  guide  to  the  amount  of  wasting  ;  but 
this  may  prove  treacherous,  since  the  adjacent  plates  may  both 
be  corroded  to  an  equal  extent  along  with  the  rivet  heads, 
which  will  give  the  edge  of  the  plate  the  appearance  of  haviuj 
the  original  thickness. 

One  of  the  most  remarkable  circumstances  in  connection  with 
all  kinds  of  corrosion  is  the  apparently  capricious  manner  in 
which  it  makes  its  appearance.  For  example,  in  two  boilers 
alike  in  every  respect,  fed  with  the  same  water,  and  subject  to 
the  same  treatment,  one  may  be  found  attacked  at  the  front  end 
and  at  mid-height,  whilst  the  other  may  be  affected  only  on  the 
bottom  at  the  back  end.  In  such  cases  there  can  be  little 
doubt  that  the  difference  in  the  quality  of  the  plates  for  re- 
sisting the  corrosion  has  much  to  do  with  the  apparent  caprice 
of  the  acids  in  the  water.  The  water  from  some  wells  and 
mines,  and  from  certain  canals  and  streams,  attacks  the  plates 
violently  only  at  the  water  line,  whilst  throughout  the  rest  of 
the  boiler  the  plates  are  comparatively  or  absolutely  unharmed. 
In  some  instances  this  is  very  marked,  the  injury  done  to  hori- 
zontal boilers  being  confined  to  a  belt  of  about  6  inches  or 
8  inches  at  the  water  level,  and  in  long  vertical  boilers  to  a  belt 
of  about  24  inches,  according  to  the  range  of  the  water  level. 
The  boilers  in  some  districts  are  attacked  by  surface  and  well 
water  only  on  the  bottom,  whilst  in  neighbouring  districts  the 
tubes  are  attacked  more  than  the  shell,  or  vice  versa.  In  one 
case  the  corrosion  is  chiefly  confined  to  the  bottom  of  the  fur- 
nace tube,  in  another  it  is  limited  to  the  narrow  water  spaces 
at  each  side  of  the  tubes  in  Lancashire  and  similar  kinds  of 
boilers.  The  water  in  some  localities,  whilst  but  slightly  acting 
upon  the  body  of  the  plates,  attacks  the  rivet  heads  or  edges  of 
the  plates  and  angle  irons.  Sometimes  it  happens  that  it  is 
mainly  the  transverse  seam  rivet  heads  and  plate  edges  that  are 
attacked,  sometimes  the  longitudinal  seams  ;  out  of  100  rivets 
10  may  be  seriously  affected  whilst  the  rest  remain  sound  ;  or 
the  outer  courses  of  plates  on  the  bottom  are  affected  more  than 
the  inner  courses.  The  stays  are  often  far  more  rapidly  wasted 
than  the  plates.    A  screwed  stay  will  be  violently  attacked  at 
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the  thread  whilst  the  unbroken  or  turned  surface  will  escape. 
In  fact,  it  is  almost  impossible  to  conceive  any  vagary  the  acid 
in  the  water  could  commit,  examples  of  which  are  not  to  be  met 
with.  This  apparently  capricious  action  of  the  corrosive  agents 
is  to  be  ascribed  to  their  gravity,  to  their  concentration  in 
certain  parts  of  the  boiler,  to  their  action  being  increased  where 
the  temperature  of  the  plates  is  highest  or  lowest,  to  the  circu- 
lation of  the  water,  to  the  nature  of  the  iron,  and  to  other 
more  hidden  causes. 

With  the  feed  water  from  one  supply  only,  corrosion  is  found 
mure  often  under  an  incrustation  of  sulphate  of  lime  than  under 
one  consisting  chiefly  of  carbonate  of  lime.  In  many  boilers  fed 
with  water  containing  the  former  salt  a  coating  of  oxide  of  iron 
of  a  black  colour  may  be  found  adhering  to  the  detached  scale, 
which  as  often  as  it  re-forms  and  is  broken  oft'  brings  with  it  a 
fresh  film  of  oxide. 

Another  peculiarity  worthy  of  notice  is  the  different  manner 
in  which  the  plates  and  rivet  heads  behave  with  different  kinds 
of  waters  after  tho  wasting  has  been  going  on  for  somo  time. 
In  most  cases  the  corroded  iron  is  readily  removed,  if  it  does 
not  come  off  without  means  being  taken  to  detach  it.  But 
cases  are  to  be  met  with  where  the  corroded  iron  adheres  tena- 
ciously to  the  sound  plate  beneath.  In  such  cases  considerable 
force  is  required  to  remove  it,  and  tho  presence  of  tho  corrosion 
is  not  suspected  until  tho  hammer  or  pick  is  forcibly  applied. 

It  is  the  opinion  of  many  that  the  presence  of  a  small  pro- 
portion of  carbon  in  steel  will  preserve  it  in  a  great  measure 
from  the  wasting  effect  of  bad  feed  waters.  No  doubt  it  does 
so  almost  totally  with  some  waters,  but  with  others  it  appears 
to  have  tho  opposite  effect. 

Unlike  ordinary  internal  corrosion,  the  extent  of  the  effects 
of  pitting  and  honeycombing  are  well  marked  by  the  sharply 
defined  edges  they  present.  Tho  term  honeycombing  is  most 
aptly  applied  when  the  plates  are  indented  by  very  small  holes 
close  together.  Pitting  may  be  defined  as  confluent  honey- 
combing, and  is  found  in  holes  and  patches  varying  from 
i  inch  to  12  inches  diameter,  and  assumes  most  irregular  forms. 
The  depth  of  the  cavities  varies  from  to  J  inch  or  more. 
This  form  of  corrosion  is  certainly  most  capricious  in  its  attacks. 
It  may  be  found  on  every  plate  of  a  boiler  in  contact  with  the 
water,  and  sometimes  in  the  steam  spaces  and  domes  ;  or  it  may 
be  found  only  on  a  single  plato  either  above  or  below  the  water 
line  ;  whilst  the  remainder  bear  no  traces  of  corrosion  whatever. 
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Boilers  fed  from  the  same  water  main  and  worked  under  similar 
conditions  are  sometimes  found  pitted  in  strangely  different 
manners.  Out  of  half  a  dozen  boilers  made  of  plates  of  the  same 
brand,  and  worked  side  by  side,  one  may  be  found  so  severely 
pitted  as  to  require  the  renewal  of  one  or  more  plates,  whilst 
the  other  five  boilers  remain  not  at  all  or  scarcely  affected. 

The  mysterious  manner  in  which  pitting  so  often  occurs,  and 
its  peculiar  character,  have  not  yet  been  altogether  satisfactorily 
explained.  It  was  once  commonly  ascribed  to  voltaic  action 
between  the  iron  plates  and  the  brass  tubes  when  found  in  loco- 
motive boilers,  but  this  theory  was  found  to  break  down  when 
the  same  pitting  was  found  in  similar  boilers  with  iron  tubes, 
and  having  neither  copper  nor  brass  near  the  portion  affected. 
It  was  then  advanced  that  the  voltaic  action  took  place  between 
the  different  qualities  of  the  scraps  composing  the  plates,  which 
are  understood  to  exhibit  different  electric  conditions,  the 
electro-positive  metal  of  the  battery  acting  on  the  chemical 
solutions  in  the  water,  and  becoming  decomposed.  Then  it 
was  advanced  by  the  supporters  of  this  theory  that  pitting 
would  not  occur  with  an  electro-homogeneous  metal  such  as  cast 
steel,  since  tlie  third  element  would  be  wanting.  But  cast-steel 
plates  have  been  found  to  suffer  from  pitting  as  much  as  iron, 
and  even  more  with  some  waters  ;  yet  with  other  waters  which 
severely  attack  wrought  iron  steel  is  found  not  to  suffer  in  the 
least.  The  pitting  of  cast  steel  either  proves  that  it  is  not  the 
electro-homogeneous  metal  it  was  supposed  to  be,  or  that  the 
pitting  of  boiler  plates  is  not  due  to  galvanic  action,  unless  the 
electro-negative  element,  as  well  as  the  exciting  agent,  be 
present  in  the  water.  The  sharpness  of  the  edges  of  the  cavities 
is  stated  to  be  increased  as  the  intensity  of  the  voltaic 
action  increases. 

After  all  that  has  been  said  and  written  on  this  question  it 
would  seem  that  the  phenomenon  of  pitting  can  in  most  cases  be 
just  as  satisfactorily  explained  as  being  the  result  of  simple 
chemical  action  without  the  aid  of  galvanism. 

The  concentrated  acids  of  the  water  will  attack  the  most 
susceptible  portions  of  the  plates.  Whether  the  plates  in  the 
steam  space  are  attacked  or  not  will  depend  upon  the  nature  of 
the  acids,  whether  they  are  volatile  or  not,  or  whether  the  liquid 
acid  is  carried  into  the  steam  space  by  priming. 

The  wasting  of  the  inside  of  locomotive  firebox  shell  plates 
round  the  copper  stays  is  generally  set  down  to  voltaic  action.  In 
what  degree  this  may  be  the  actual  cause  cannot  readily  be  deter* 
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mined,  but  tliero  can  be  no  doubt  that  the  wasting  of  tho 
plates  round  tho  IioIch  is  in  great  measure  due  to  tho  injury 
sustained  in  punching,  which  renders  tho  iron  inoro  susceptible 
to  tho  action  of  tho  water.  Drilling  instead  of  punching  the 
stay  holes  has  been  attended  in  some  cases  with  good  results, 
enabling  the  plate  to  hold  out  much  longer  against  tho  wasting 
effect  of  the  water. 

Tho  rapid  local  wasting  of  locomotive  firebox  stays  where  they 
pass  through  copperplates,  which  often  occurs  when  certain  kinds 
of  feed  water  are  used,  is  perhaps  the  most  conclusive  evidence 
of  tho  presence  of  galvanic  action.  |  inch  bolts  become  re- 
duced in  a  few  years  to  half  their  original  diameter  inside  Dim 
hole,  whilst  tho  thread  in  tho  copper  plate  remains  perfect,  and 
tho  bolt  is  not  affected  by  corrosion  about  an  inch  from  the 
copper  plato.  Tho  wasting  often  commences  first  at  tho  stays, 
near  tho  firebox  crown,  where  it  is  probably  induced  by  tho 
bending  action  duo  to  tho  expansion  of  tho  plates,  which  is 
most  severely  felt  at  this  part. 

As  to  tho  means  to  be  employed  for  preventing  internal  cor- 
rosion, the  surest  is  obviously  to  abandon  tho  uso  of  water 
which  has  a  corrosive  effect  upon  tho  plates.  At  mines  where 
tho  bad  feed  water  is  drawn  from  the  ground  it  can  sometimes 
be  replaced  by  surface  water  more  free  from  acids,  and  in  cities, 
when  the  well  water  is  found  to  injure  the  boiler,  it  can 
generally  be  replaced  by  tho  town  supply  of  a  better  quality. 
There  are,  however,  cases  where  the  expense  of  using  towns' 
water  is  so  great  that  it  is  found  moro  economical  to  employ 
corrosive  well  water,  and  lay  down  a  new  boihr  every  five  or 
six  years.  This  practico  is  however  attended  with  great  risk, 
on  account  of  tho  temptation  to  use  the  corroded  boiler  to  the 
last  minute  of  safety. 

When  the  water  is  found  to  affect  the  plates  only  in  par- 
ticular places,  as  at  the  water  level,  it  is  well,  on  the  score  of 
economy,  to  introduce  thicker  plates  in  such  places,  and  to 
arrange  them  so  that  the  seams  of  rivets,  which  are  the 
weakest  portion,  do  not  come  within  tho  region  attacked  by 
the  water.  There  exists  great  prejudice  against  introducing 
plates  of  different  strength  into  a  new  boiler  shell,  in  conse- 
queucs  of  the  non-uniformity  of  strain  throughout  the  structure 
it  involves,  which  in  many  cases  is  already  more  than  desirable. 
But  the  question  arises,  is  there  any  greater  disadvantage  in 
having  the  non-uniformity  of  strength  at  the  beginning  than  at 
the  middle  of  the  life  of  the  boiler,  since  the  irregularity  in 
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strength  must,  under  the  circumstances  we  are  considering, 
necessarily  occur  at  one  time  or  another  ?  There  appears  to  be 
no  sound  reason  for  hastening  the  time  for  repairs,  by  making 
the  strength  uniform  at  first,  when  it  is  known  that  it  cannot 
long  continue  so. 

When  there  is  no  choice  of  feed  water,  the  simplest 
method  of  preventing  the  corrosion  caused  by  the  majority 
of  waters  is  to  neutralise  the  acidity  by  treatment  with 
some  alkaline  substance,  either  prior  or  subsequent  to  the 
introduction  of  the  water  into  the  boiler.  This  is  best  done 
by  using  soda,  soda  ash,  or  caustic  soda,  which  should  be  dis- 
solved and  constantly  introduced  with  the  feed  water,  rather 
than  in  doses  at  long  intervals.  The  quantity  required  will 
vary  according  to  the  strength  and  quantity  of  the  acids  in  the 
water.  It  must  however  be  remarked  that  when  strong  saline 
solutions  are  formed  in  the  boiler,  as  in  using  salt  water,  the 
introduction  of  soda  will  be  found  to  be  an  evil,  and  the  only 
remedy  in  this  case  is  to  keep  down  the  strength  of  the  solution 
by  frequent  blowing  off  from  bottom  and  surface.  The  methods 
of  filtration  and  surface  condensation  have  been  found  to 
answer  well.  When  comparatively  pure  water,  such  as  is 
obtained  by  surface  condensation  or  from  the  water  supply  of 
some  towns,  is  found  to  act  injuriously  on  the  plates,  the  cor- 
rosion may  be  prevented  by  allowing  an  amount  of  impure 
water  to  enter  the  boiler  sufficient  to  deposit  a  thin  layer  of 
scale,  which  will  protect  the  plates  against  the  action  of  the 
more  pure  water. 

Grooving,  channelling,  or  furrowing,  as  it  is  variously  called, 
is  found  of  two  different  kinds,  which,  however,  do  not  always 
present  such  distinctly  marked  characters  as  to  precisely  indi- 
cate the  different  causes  of  their  formation.  One  kind  is 
caused  entirely  by  the  straining  and  fretting  of  the  iron,  where 
a  considerable  change  in  the  direction  of  the  strain  takes  place. 
Where  it  is  not  aided  by  the  corrosive  action  of  the  water, 
it  may  penetrate  deeply  into  the  plate  or  angle  iron,  without 
being  more  than  y1^  inch  in  width  at  the  surface.  Sometimes 
this  grooving  is  so  fine  as  to  appear  more  like  a  fracture,  and  is 
very  difficult  of  detection.  Any  acidity  in  the  water  appears 
to  widen  the  grooving,  by  attacking  the  surface  laid  bare.  It 
is  most  commonly  found  in  stationary  boilers  of  the  Cornish 
and  Lancashire  types  on  the  flat  end  plates  round  the  edge  of 
the  angle  iron  over  the  tube  crown,  and  more  frequently  at  the 
front  end  than  at  the  back.    It  is  usually  deepest  near  the 
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centre  of  tho  crowi),  and  extends  on  either  side  for  a  length  of 
from  0  to  24  inches,  and  gradually  disappears.  Sometimes  the 
grooving  selects  tho  root  of  the  anglo  iron  or  flange  of  tho  tube 
plate  instead  of  tho  end  plate.  The  choice  will  depend  upon 
tho  relative  power  of  resistance  of  tho  parts  joined.  Theso 
anglo  irons  are  usually  about  i  inch  thick  ;  and  when  tho  plate 
does  not  exceed  T96  inch  in  thickness,  it  is  almost  invariably 
chosen  ;  but  when  the  plate  is  }-£  or  j  inch  thick,  the  grooving 
is  often  found  in  the  angle-iron  root.  In  like  manner,  when  the 
furnace-tube  plate  is  flanged,  being  the  weaker,  it  is  selected, 
tho  grooving  taking  place  in  tho  corner  of  tho  flange  rather 
than  in  the  end  plate. 

This  grooving  is  caused  by  the  too  rigid  staying  of  tho  ends 
by  gussets  or  other  stays,  and  by  tho  difference  between  tho 
expansion  of  tho  tube  crown  and  boiler  shell.  As  far  as  tho 
bridge  only  tho  furnace  crown  is  heated  by  the  fuel  and  gasos, 
the  bottom  being  kept  comparatively  cool  by  tho  entering  cur- 
rent of  air.  When  tho  fluo  tube  beyond  tho  bridgo  is  clean, 
tho  wholo  circumference  is  exposed  to  tho  radiation  and  contact 
of  hot  gases  ;  but  even  in  this  condition  it  is  improbable  that 
tho  bottom  receives  anything  like  tho  same  amount  of  heat 
by  radiation  that  tho  top  receives  by  contact  with  the  flame 
which  clings  to  tho  upper  side.  After  tho  boiler  has  been  at 
work  a  short  time  the  bottom  of  tho  fluo  is  maintained  at  a 
comparatively  low  temperature  by  the  dirt  that  accumulates 
upon  it.  We  may  therefor©  consider  the  fluo  crown,  under 
ordinary  working  conditions,  as  being  much  hotter  than  the 
bottom,  and  the  greater  expansion  must  cause  a  correspondingly 
greater  strain  at  that  part  of  the  end  plates  to  which  tho  crown 
is  attached. 

This  longitudinal  expansion  is  accommodated  in  part  by  the 
springing  of  the  end  plates  and  in  part  by  tho  arching  of  the 
tube.  That  this  arching  takes  place  has  been  proved  by 
actual  test,  the  tube  of  a  30-feet  long  boiler  having  been  found 
to  rise  fully  $  inch  near  mid  length  on  heating  the  water  to 
tho  boiling  poiut,  and  without  forcing  the  fire.  Such  an 
elevation  of  the  crown  is  too  great  to  be  accounted  for  by  the 
circumferential  expansion  alone.  Were  the  longitudinal  ex- 
pansion, which  must  take  place  very  gradually,  maintained 
at  tho  same  degree  all  the  time  the  boiler  is  at  work,  it 
would  not  account  for  the  grooving  ;  but  every  time  the  fire- 
door  is  opened  the  rush  of  cold  air  against  the  hot  plates  must 
cause  them  to  contract  suddenly,  and  to  this  rapid  contraction, 
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repeatedly  taking  place,  must  bo  ascribed  the  action  which 
causes  the  fretting  of  the  rigid  end  plates  or  angle  irons,  as 
the  case  may  be,  which  results  in  grooving  round  the  end 
attachment  of  the  furnace  crown.  The  means  for  preventing 
it  is  simple.  We  have  only  to  lessen  the  rigidity  of  the  end 
plate,  so  as  not  to  confine  the  bending  action  to  one  line. 
This  may  be  done  by  allowing  a  sufficient  distance  between 
the  tube  and  the  end-plate  stays  for  the  plate  to  spring  freely. 
Nine  inches  is  found  sufficient  with  \  or  |-  inch  plates.  The 
use  of  "  Adamson"  or  "Bowling"  hoops,  which  allow  the  tube  to 
expand  freely  and  reduce  the  strain  upon  the  end  plates,  will 
prevent  grooving  to  a  great  extent. 

The  grooving  is  not  always  confined  to  the  crown,  being 
frequently  met  with  on  the  front  end  plates  of  Lancashire 
boilers  between  the  tubes,  when  these  are  very  close  together 
and  secured  to  the  ends  by  "  spectacle  "  pieces,  the  water  space 
being  too  small  to  admit  of  using  angle  irons.  This  grooving 
at  the  "  spectacle"  plate  is  probably  in  some  measure  due  to 
the  variations  in  the  temperature  of  the  two  tubes  not  taking 
place  simultaneously,  which  is  especially  the  case  with  alternate 
firing.  The  only  cure  for  this  grooving  at  the  middle  water 
space  is  the  removal  of  the  "spectacle"  piece  and  tapering 
down  the  ends  of  the  tubes,  to  give  increased  space  to  allow 
the  end  to  spring. 

It  is  but  seldom  that  grooving  is  met  with  at  the  water 
spaces  between  the  tubes  and  shells  of  Lancashire  and  other 
double  furnace- tube  boilers.  A  few  instances  of  this  have, 
however,  occurred.  Such  cases  are  liable  to  be  overlooked  in 
consequence  of  the  inaccessibility  of  their  position.  Their 
presence  is  more  difficult  to  account  for  than  the  other  cases  ; 
but  this  side  grooving  is  found  in  conjunction  with  a  low  fire- 
grate, very  thick  end  plate,  and  cramped  side  water  spaces. 
Cases  of  grooving  beneath  the  tube  are  extremely  rare. 

There  can  be  no  doubt  that  introducing  the  feed  water  at  a 
high  temperature,  near  the  level  of  the  tube  crown,  and 
thereby  improving  the  circulation  and  decreasing  the  difference 
in  temperature  above  and  below,  tends  to  lessen  the  end 
grooving.  "  Galloway  "  boilers  are  not  found  to  groove  so  much 
as  "  Lancashire  "  boilers,  similarly  stayed,  probably  owing  to  the 
better  circulation  of  the  water  in  the  former. 

The  trouble  from  grooving  and  leaking  caused  by  the  too 
rigid  staying  of  the  ends  of  internally  fired  boilers  has,  in 
many  cases,  led  to  their  abandonment.    In  order  to  avoid  the 
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grooving  over  tho  tubes  of  Cornish  and  Lancashire  boilers, 
many  makers  rashly  dispense  with  gusset  and  longitudinal 
stays,  and  substitute  inefficient  stiffening  ribs  of  angle  or  T 
irons,  tho  result  being  dangerous  fractures  through  the  lino  of 
rivet  holes,  or  at  tho  root  of  tho  angle  iron  securing  tho  end 
plate  to  tho  shell. 

Other  examples  of  grooving,  caused  by  the  upsetting  action 
near  tho  parts  affected,  may  bo  mentioned.  The  domes  of 
locomotive  boilers  are  sometimes  found  grooved  internally,  in  a 
lino  opposite  the  edge  of  the  angle  iron  attaching  it  to  tho  shell. 
This  is  caused  by  the  groat  strain  thrown  upon  tho  angle  iron, 
in  consequence  of  the  large  quantity  of  tho  shell  it  is  still 
too  often  the  fashion  to  cut  out  for  tho  domo  hole. 

The  shells  of  vertical  boilers,  with  internal  furnaces,  are 
liable  to  internal  grooving  round  tho  upper  edge  of  the  founda- 
tion ring,  between  tho  shell  and  tube,  when  tho  ring  is  not 
made  of  sufficient  depth  to  resist  tho  upsetting  action  caused 
by  a  severe  downward  pressure  on  the  furnace  crown. 

The  curved  bottoms  of  haystack  and  wagon  boilers  under 
pressure  have  also  a  tendency  to  upset  tho  angle  iron  attaching 
tho  bottom  to  the  shell,  which  results  in  internal  grooving  at 
tho  sides  of  the  shell  along  the  edge  of  the  angle  iron. 

Internal  grooving  is  frequently  found  round  tho  edge  of 
tho  angle  iron  on  tho  flat  ends  of  plain  cylindrical  boiler*. 
In  such  cases  it  is  caused  by  the  insufficient  stillness  in  the  end 
plate  allowing  an  alternate  bulging  and  flattening  action  to  take 
place  under  varying  degrees  of  pressure,  which  strains  and 
frets  the  plates  at  the  line  of  attachment.  Tho  furrowing  pro- 
duced by  this  action  is  often  found  at  the  root  of  the  anglo 
iron,  instead  of  in  the  plate  or  in  tho  corner  of  the  flange 
when  the  plate  is  bent.  Grooving  from  this  same  action  was  a 
common  cause  of  the  failure  of  tho  old  flat-botttomed  and 
sided  wagon  and  haystack  boilers.  It  is  also  met  with  round 
the  flat  and  cambered  crowns  of  vertical  boilers,  of  large  domes, 
and  of  the  vertical  tube  in  Rastrick  boilers. 

It  is  thus  seen  that  grooving  may  be  due  to  want  of  stiffness, 
as  well  as  to  an  excess  of  stiffness  under  different  conditions. 

Tho  other  kind  of  grooving  alluded  to  at  page  192  is  usually 
found  running  parallel  with  and  close  to  the  edge  of  the  plates 
in  lap  joints.  It  is  much  wider  at  the  surface  of  the  plate 
than  the  first-mentioned  kind  of  grooving,  and  has  often  the 
appearance  of  having  been  gouged  out.  It  is  caused  mainly  by 
the  corrosive  action  of  the  water,  but  is  induced  by  the  buck* 
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ling  and  fretting  of  the  plate  at  the  line  where  it  is 
found.  This  buckling  is  due  to  the  oblique  action  of  the  cir- 
cumferential and  longitudinal  strains  at  the  joints,  either  from 
the  steam  pressure  or  from  unequal  expansion  and  contraction. 
At  the  longitudinal  lap  joints  tho  buckling  is  also  due  in  some 
measure  to  the  cross-bending  action  produced  by  the  internal 
pressure  tending  to  force  the  plates  into  a  perfectly  cylindrical 
form. 

In  stationary  boilers,  which  are  but  seldom  worked  at  more 
than  80  lbs.  pressure,  internal  grooving  at  the  longitudinal  lap 
joints  is  not  often  met  with,  unless  the  boiler  barrel  deviates 
2  inches  or  more  from  the  truly  cylindrical  form,  yet  it  is  some- 
times found  at  the  longitudinal  seams  of  old  boilers  where  they 
run  in  a  continuous  line  from  end  to  end.  At  the  transverse 
lap  joints  of  long  Cornish  and  Lancashire  boilers  internal 
grooving  frequently  occurs,  but  not  of  a  very  decided  character. 
Its  presence  can  generally  be  traced  to  the  difference  in  ex- 
pansion between  the  bottom  and  top  of  the  shell,  or  between 
the  flue  tubes  and  the  shell  bottom.  It  is  most  marked  in 
boilers  where  the  circulation  is  bad,  which  is  especially  the 
case  when  the  cold  feed  water  is  introduced  at  the  bottom. 

In  locomotive  boilers  working  at  140  lbs.  pressure  or  more, 
and  where  the  plates  are  thick  in  proportion  to  the  diameter, 
internal  grooving  at  the  seams  is  most  frequently  met  with.  It 
occurs  at  the  longitudinal  lap  joints  below  the  wrater  level,  prin- 
cipally at  mid  length  of  the  barrel  or  near  the  smoke-box  end, 
at  the  ring  seams  all  along  the  boiler,  and  very  often  in  the 
plate  opposite  the  edge  of  the  outside  angle  iron  attaching  the 
barrel  to  the  smoke-box  tube  plate.  It  is  most  marked  at  the 
bottom  of  the  barrel,  and  diminishes  gradually,  until  it  dies 
away  near  the  centre  line. 

Transverse  furrowing  also  occurs  in  the  body  of  the  plates 
when  they  are  too  rigidly  attached  to  the  frame  by  plate  stays, 
secured  by  angle  irons  to  the  boiler  shell.  It  is  found  opposite 
to  the  edge  of  the  plate  or  angle  iron. 

As  this  description  of  grooving  always  occurs  at  the  edge  of 
a  plate,  or  opposite  the  edge  of  an  angle  iron  in  a  line  where 
the  direction  of  the  strain  caused  by  the  steam  pressure  or  by 
expansion  and  contraction  is  liable  to  be  changed,  it  suggests 
the  probability  of  its  being  caused  by  mechanical  action,  which, 
producing  a  bending  or  springing  of  the  plate  along  the  line 
where  it  occurs,  breaks  off  the  coating  of  incrustation  or  the 
outside  scale  of  the  plate  itself,  thus  continuously  exposing  a 
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fresh  surface  for  tho  chemical  action  of  the  water.  Moreover, 
as  the  longitudinal  grooving  only  rarely  takes  placo  above  tho 
water  line,  and  as  it  is  found  to  occur  with  one  kind  of  water 
and  not  with  another,  it  may  reasonably  bo  concluded  that  it  is 
chietly  duo  to  chemical  action,  although  induced  in  tho  Grt>t 
place  by  mechanical  action. 

The  buckling  action  at  tho  longitudinal  seams  being  caused 
by  tho  unequal  distribution  of  strain  at  tho  overlap,  or  by  tho 
tendency  of  tho  barrel  to  assume  a  perfectly  circular  form 
under  pressure  (which  form  is  necessarily  departed  from  at  tho 
lap  joint),  may  bo  prevented  by  doing  away  with  tho  lap  joint, 
and  using  welded  joints  or  butt  joints  with  double  butt  strips. 
Or,  retaining  tho  lap,  tho  result  of  tho  chemical  action  may  bo 
prevented  by  koeping  tho  longitudinal  seams  above  tho  water 
level,  which  has  boon  done  by  making  tho  courses  of  plate  iu 
ono  length.  Tho  evil  of  longitudinal  furrowing  has  been  over- 
come by  either  of  tho  above  methods.  In  somo  cases,  how- 
over,  whero  welding  has  been  tried,  it  has  been  found  that  tho 
plates  are  rapidly  pitted  at  the  weld  ;  and  this  plan  had,  in 
consequence,  to  bo  abandoned,  unless  tho  joints  were  kept 
above  tho  water  level. 

At  tho  transverse  lap  joints  the  buckling  is  cursed  by  the 
boiler  being  too  rigidly  tied  to  the  engine  frame,  and  not  being 
allowed  to  expaud  and  contract  freely,  or,  as  it  is  sometimes 
called,  to  breatho  freely.  It  is  also  aggravated  by  tho  vicious 
practico  of  attaching  tho  drag  apparatus  directly  to  the  boiler. 
Another  cause  of  tho  buckling  at  tho  shell  bottom  is  tho  strain 
thrown  upon  tho  bottom  plates  by  tho  greater  expansion  of  tin* 
tubes  compared  with  tho  shell. 

There  can  bo  little  doubt  that  internal  grooving  is  often  in- 
duced by  excessive  caulking,  which,  by  destroying  the  skin  of 
tho  iron,  exposes  a  surface  for  the  easier  attack  of  the  corrosive 
agents  in  the  water.     On  thjs  account  many  engineers  dis-  ? 
countenance  the  practice  of  caulking  the  plates  on  tho  inside. 

External  corrosion  is  a  more  frequent  and  more  subtle  destruc- 
tive agent  with  stationary  boilers  than  any  kind  of  internal 
corrosion.  This  probably  arises  from  the  fact  that  its  presence 
is  less  suspected,  and  is  often  less  easily  detected  in  consequence 
of  the  inaccessibility  of  the  plates.  It  is  therefore  left  to  do  its 
work  of  destruction  without  any  attempt  being  made  to  arrest 
its  progress.  It  is  found  either  as  uniform  corrosion  in  largo 
and  small  patches,  or  as  grooving. 

The  most  frequent  sources  of  external  corrosion  are  exposure 
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to  the  weather,  leakage  from  joints  of  plates  and  fittings,  drip- 
ping from  mountings,  moisture  rising  from  the  ground  near  the 
boiler,  either  from  the  damp  nature  of  the  ground  or  from  the 
want  of  waste  pipes  to  carry  off  the  water  from  the  blow-off 
tap,  water  gauges,  &c.,  and  from  the  careless  practice  of  damping 
the  ashes  close  to  the  boiler. 

When  leakage  takes  place  at  the  boiler  crown  to  any  great 
extent,  the  whole  circumference  of  the  shell  being  below,  is 
liable  to  suffer  wasting  from  it.  A  slight  leakage  from  a  bad 
joint  may  be  sufficient  to  cause  a  severe  local  grooving  at  the 
seam  or  flange,  as  it  often  goes  on  for  a  length  of  time  unper- 
ceived  and  unsuspected,  especially  when  the  shell  is  covered  by 
brickwork  or  other  material  to  prevent  the  radiation  of  heat. 
Some  of  the  compositions  used  for  covering  boilers,  however, 
become  soft,  and  at  once  betray  any  leakage  that  may  be  going 
on  beneath.  To  prevent  leakage  at  the  joints  of  the  mountings, 
they  should  always  be  riveted  and  caulked  to  the  curved  plates, 
and  never  attached  by  bolts  or  studs.  The  greatest  difficulty 
in  making  a  good  joint  on  a  curved  surface  by  the  usual  means 
of  studs  or  bolts  and  nuts  is  found  at  the  blow-out  pipe  attach- 
ment of  ordinary  factory  boilers,  where  the  joint  has  to  bear  the 
reckless  twisting  and  straining  from  the  use  of  a  long  lever  every 
time  the  blow-out  tap  is  turned.  In  nearly  all  cases  where  the 
blow-out  attachment  is  not  riveted  to  the  shell,  the  plate  be- 
comes rapidly  wasted  round  the  bolted  flange. 

To  the  injudicious  practice,  which  still  largely  prevails,  of 
building  boilers  in  with  a  mass  of  brickwork,  the  greatest 
amount  of  deterioration  from  external  corrosion  must  be  attri- 
buted. This  evil  acts  directly  in  keeping  any  water  that  may 
find  its  way  to  the  boiler  in  contact  with  the  plates,  and  also 
indirectly  in  preventing  the  detection  of  any  wasting  that  may 
be  going  on. 

The  most  glaring  example  of  this  kind  is  to  be  found  in 
placing  internally  fired  boilers  on  a  wide  midfeather  or  sup- 
porting wall  extending  along  the  middle  of  the  shell  nearly 
from  end  to  end.  Any  water  from  leakage  or  other  source 
trickling  down  the  shell  naturally  finds  its  way  to  the  bottom, 
and  when  it  is  held  here  in  contact  with  the  plates  a  rapid  oxi- 
dation takes  place.  The  wasting  is  often  promoted  by  the  pre- 
sence of  damp  mortar,  which  should  never  be  allowed  to  touch 
the  plates,  and  by  corrosive  agents  in  the  products  of  combus* 
tion  which  sweep  past.  These  midfeathers  are  sometimes  as 
much  as  2  feet  wide,  and  very  commonly  14  or  18  inches.  In 
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such  cases  it  is  impossible  to  tell  by  ordinary  examination  in 
passing  along  the  Hue  the  condition  of  the  plates  resting  on  the 
biickwork.  It  frequently  happens  that  to  all  appearance  no 
damp  is  present,  and  the  plates  near  the  edge  of  the  midfeather 
are  in  good  order,  yet  on  removiug  the  brickwork  the  plates  for 
a  width  of  G  or  8  inches  at  the  centre  all  along  the  boiler  are 
found  eaten  nearly  through. 

With  boilers  of  4  feet  diameter  and  upwards  niid feathers 
should  not  be  used.  The  boilers  are  much  better  placed  on 
side  walls  with  a  total  bearing  surface  of  from  f  inch  to  1  inch 
per  foot  of  diameter.  In  very  small  boilers  where  side  walls 
are  not  admissible  the  bearing  of  the  midfeather  need  never 
exceed  3  or  4  inches  in  width  ;  and  a  loose  brick  should  be  left 
here  and  there,  or  at  least  at  every  ring  seam,  for  removal  to 
facilitate  examination.  When  there  is  any  dampness  in  the 
ground  beneath  the  boiler,  it  invariably  travels  up  the  brickwork 
and  attacks  the  plates.  Whore  the  dampness  cannot  be  re- 
moved, it  is  advisable  to  cut  off  the  contact  between  the  plates 
and  the  brickwork,  by  supporting  the  boiler  on  cast-iron  saddles 
and  a  longitudinal  cast-iron  carrier,  which  need  not  exceed  one 
inch  in  width,  and  can  be  taken  the  whole  length  required. 

The  front  cross  walls  of  internally  fired  boilers  are  often 
made  of  excessive  thickness,  being  sometimes  as  much  as  3  feet, 
and  built  round  and  made  to  conceal  the  blow-out  pipe  and 
attachment,  which  are  thus  rigidly  built  up  and  rendered  liable 
to  break.  As  the  boiler  is  supposed  to  rest  upon  the  midfeather 
or  side  walls,  the  front  cross  wall,  or  at  least  the  top  of  it  in 
contact  with  the  plates,  need  scarcely  ever  bo  more  than  4  V 
inches  thick,  and  it  should  always  bo  built  round  behind  tho 
blow-out  pipe  attachment,  which  is  thus  placed  in  an  open 
recess  in  the  wall  accessible  for  inspection,  and  not  rendered  so 
liable  to  fracture.  Even  with  a  4j-inch  wall  there  is  still  a 
risk  of  corrosion  if  the  ground  be  damp,  or  the  water  from  tho 
blow-out  tap  be  not  led  away  by  a  waste  pipe,  but  is  allowed 
to  splash  back  against  the  front  cross  wall,  as  is  too  often 
the  case. 

When  the  ground  is  of  so  damp  a  nature,  from  situation  or 
formation,  that  the  moisture  from  it  passes  up  the  front  cross 
wall,  the  only  means  of  saving  the  boiler  is  to  interpose  loose 
plates  between  the  wall  and  the  shell,  which  become  corroded 
instead  of  the  boiler  plates. 

It  is  a  common  practice  to  allow  the  front  end  angle  iron  of 
Cornish  and  Lancashire  boilers  to  rest  on  this  front  cross  wall. 
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This  has  the  disadvantage  of  concealing  any  leakage  or  defects 
at  the  angle  iron.  The  front  wall  is  therefore  better  kept  clear 
of  the  angle  iron,  that  is,  the  front  end  plate  should  project  4 
or  5  inches  beyond  the  Avail.  The  front  end  plates  of  Lanca- 
shire and  similar  boilers  are  very  often  severely  corroded  ex- 
ternally at  the  floor  line  by  the  water  that  always  finds  its  way 
here  from  one  source  or  another.  The  boiler  should,  therefore, 
always  be  arranged  with  the  front  end  plate  clear  above  the  floor. 
In  order  that  this  may  not  interfere  too  much  with  the  facility 
of  firing,  the  floor  may  often  with  advantage  be  inclined  or  let 
down  to  suit. 

The  practice  of  slacking  the  hot  ashes  against  the  front  end 
plate  is  a  very  common  source  of  corrosion  above  the  floor  line. 
Where  there  is  good  reason  for  adopting  this  practice  it  will  be 
advisable  to  protect  the  front  plate  by  a  suitable  sheet-iron 
guard. 

The  side  wall  bearings  on  which  internally  fired  boilers  are 
now  usually  supported,  and  to  some  extent  externally  fired 
boilers  also,  are  frequently  made  of  excessive  width,  from  15 
to  20  inches  being  not  uncommon.  Now,  3  or  4  inches  of 
bearing  surface  to  each  wall  is  quite  sufficient  for  ordinary-sized 
boilers,  or  as  a  rule  from  £"  to  1"  of  total  bearing  surface  per 
foot  diameter  of  boiler. 

In  order  to  allow  the  escape  from  the  plates  of  any  water 
flowing  down  the  shell  sides,  the  side  wall  bearings  should  be 
made  of  fire  lumps,  as  shown  in  fig.  22,  rather  than  made  after 
the  old  fashion,  as  in  fig.  21.  This  last  plan  leaves  the  water 
no  choice  but  to  cling  to  the  plates  in  finding  its  lowest  level, 
and  often  leads  to  serious  corrosion.  Care  should  always  be 
taken  to  keep  the  longitudinal  seams  well  clear  of  the  seating. 
Another  indirect  source  of  corrosion  sometimes  met  with  is  the 
extremely  narrow  space  allowed  at  the  top  of  the  side  flues  of 
many  boilers.  When  this  space  is  only  an  inch  or  two  wide,  it 
cannot  well  be  cleaned.  The  soot  accumulates  and  becomes 
hard,  and  then  retains  moisture  in  contact  with  the  plates, 
which  sooner  or  later  may  cause  serious  corrosion  all  along  the 
boiler  where  it  is  seldom  suspected. 

The  back  and  front  ends  of  externally  fired  boilers  are  not 
unfrequently  set  in  a  mass  of  brickwork,  which  is  apt  to  keep 
moisture  in  contact  with  the  plates.  No  reason  for  this  prac- 
tice can  be  given.  It  is  usually  done  through  ignorance  on  the 
part  of  the  builder  or  draftsman,  or  from  want  of  constructive 
skill  on  the  part  of  the  brick-setter.    When  these  boilers  are 
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suspended  from  side  brackets  with  a  flash-flue  arrangement,  it 
in  not  uuusiml  to  find  a  belting  of  brickwork  18  or  24  inches 

Fig.  21. 


thick,  and  oven  more,  in  contact  with  the  plates.  This  arrange- 
ment is  obviously  liable  to  harbour  a  quantity  of  moisture, 


Fig.  22. 
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whose  damaging  effects  on  the  plates  are  placed  beyond  detec* 
tion  unless  the  brickwork  is  periodically  removed. 

The  plan  of  carrying  a  thick  cross  wall  over  the  front  end  of 
internally  fired  boilers,  and  also  of  coveriDg  the  front  end  plate 
with  brickwork  to  prevent  radiation,  is  apt  to  lead  to  wasting 
at  these  parts,  and  should  not  be  adopted. 

Vertical  furnace  boilers  are  sometimes  found  built  into  walls, 
and  seated  on  a  mass  of  brickwork,  which  retain  the  moisture 
and  lead  to  a  rapid  wasting  of  the  plates.  The  practice  of 
lining  with  fire  bricks  the  internal  flue  tubes  of  upright  furnace 
boilers,  has  been  found  destructive  to  the  plates  by  keeping  th& 
water  in  contact  with  them.  When  it  is  necessary  to  apply 
this  brick  lining,  in  order  to  protect  the  plates  from  overheating 
where  the  tube  passes  through  the  steam  space,  or  from  burning 
where  the  flame  impinges,  it  is  advisable  not  to  build  the  brick- 
work in  contact  with  the  tube,  but  to  preserve  an  annular  space 
to  allow  the  water  from  leakage  and  other  sources  to  run  down 
and  escape. 

Corrosion  is  met  with  in  the  furnace  tubes  of  internally  fired 
boilers,  beneath  the  heavy  bridge  of  brickwork,  so  often  need- 
lessly built  upon  the  tube  bottom.  These  bridges  are  as  well 
supported,  and  more  easily  removed,  when  built  upon  metal 
bridge  carriers. 

Leakage  at  the  riveted  joints  in  any  part  of  a  boiler  may  be 
due  to  bad  workmanship.  When  caulking  and  the  insertion  of 
new  rivets  will  not  cure  the  leakage,  the  holes  should  be  care- 
fully rimered  out  afresh,  and  larger  rivets  put  in  ;  at  the  same 
time  the  edges  of  the  plates  may  be  dressed  and  recaulked. 
Too  much  lap  is  very  often  the  cause  of  the  difficulty  in  making 
a  tight  joint,  especially  at  the  furnace  plates.  New  boilers  often 
leak  at  the  seams  when  set  to  work,  after  having  been  tested 
and  found  tight  at  the  maker's.  This  may  be  due  to  rough 
usage  in  removing  the  boiler  and  fixing  it,  or  to  the  expansion 
of  the  plates  in  actual  work  being  different  from  that  produced 
by  the  test.  A  difference  in  the  nature  of  the  feed  water  has 
sometimes  a  remarkable  effect  in  making  boilers  leak  at  the 
riveted  joints  below  the  water  line.  A  boiler  may  be  quite 
tight  with  one  kind  of  water,  and  yet  leak  badly  with  another 
kind.  When  this  is  the  case,  it  is  generally  found  that  a  com- 
paratively pure  water  has  been  changed  for  brackish  water,  or 
one  containing  much  carbonate  of  lime,  the  use  of  which  is 
attended  with  a  higher  temperature  of  the  furnace  and  flue 
plates,  and  consequently  a  greater  local  expansion.    Leakage  is 
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often  produce  J  at  tho  furnaco  and  flue  soauis  of  many  boilers 
by  getting  up  steam  too  quickly.  The  leakage  in  this  case  is 
chiefly  due  to  the  unequal  expansion  of  the  material,  one  part 
of  the  boiler  being  hot  whilst  the  rest  remains  cool.  Leakage 
from  this  cause  is  most  common  in  boilers  having  a  bad  circu- 
lation. 

Leakage  at  the  ring  seams,  especially  of  externally  fired 
boilers,  is  very  often  caused  by  delivering  the  cold  feed  water 
right  on  to  tho  hot  plates  ;  sometimes  tho  feed  pipe  delivers 
right  on  to  a  seam.  It  has  more  than  once  been  questioned  by 
those  who  will  not  be  advised  to  introduce  tho  feed  in  a  proper 
manner,  whether  tho  introduction  of  the  cold  feod  water  down- 
wards through  a  vertical  pipe,  the  end  of  which  is  some  24 
inches  above  tho  plates,  can  have  any  effect  in  suddenly  con- 
tacting them.  This,  of  course,  will  depend  upon  tho  force 
with  which  tho  water  is  injected.  In  cases  where  a  range  of 
half  a  dozen  or  more  boilers  is  supplied  by  a  donkey  pump  suffi- 
cient to  feed  all  at  once,  there  can  be  little  doubt  that  when 
only  one  boiler  is  being  fed  at  a  time  the  water  will  be  injected 
with  sufficient  force  to  reach  the  plates  even  more  than  24  inches 
below  tho  end  of  the  pipe,  without  having  much  heat  imparted 
to  it  in  its  downward  course  through  tho  hot  water  in  the  boiler. 
In  such  cases  tho  fracture  of  the  plates  beneath  tho  pipe  is  not 
au  unusual  occurrence. 

One  of  the  most  common  causes  of  leakage  all  along  the 
under  side  of  boilers,  and  also  at  tho  tube  plates,  is  the  reckless 
practice  of  emptying  tho  boiler  while  still  hot,  and  filling  it  with 
cold  water,  at  the  samo  time  leaving  the  damper  wide  open  and 
removing  tho  fluo  doors,  in  order  to  cool  the  boiler  rapidly  for 
cleaning.  The  sudden  contraction  of  the  furnaco  and  Hue  plates 
thus  produced  has  been  the  ruin  of  hundreds  of  boilers.  The 
equal  contraction  of  the  bottom  plates  of  externally  fired  boilers 
is  sometimes  resisted  by  the  plate  edges  or  suspending  brackets 
butting  against  the  solid  masonry  :  fracture  in  these  cases  is  the 
common  result. 

Internally  fired  tubular  boilers,  without  external  flues,  and 
usually  made  with  a  cluster  of  small  tubes  at  the  back  end,  are 
invariably  found  to  corrode  and  groove  externally  along  the 
shell  bottom  at  the  ring  seams,  in  consequence  of  tho  leakage 
caused  by  the  unequal  expansion  of  the  top  and  bottom  of  the 
boiler,  and  also  of  the  flue  tubes  and  the  shell.  This  in&quality 
is  due  in  great  measure  to  defective  circulation,  and  to  the 
unavoidable  difference  in  temperature  between  the  internal  flues 
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and  shell  crown  on  the  one  hand  and  the  shell  bottom  on  the 
other.  The  best  and  perhaps  only  means  of  preventing  this 
leaking  and  grooving  is  to  apply  external  flues  leading  the  gases 
first  under  the  boiler  bottom  before  entering  the  side  flues,  and 
to  allow  some  spring  in  the  end  plate. 

Boilers  of  the  locomotive  class  are  without  external  flues,  and 
yet  do  not  usually  leak  at  the  bottom  when  the  shell  is  free  to 
expand.  The  reason  of  this  is  that  the  circulation  is  favoured 
by  the  construction  of  this  class  of  boiler,  which  admits  of  the 
tubes  being  brought  near  the  shell  bottom  ;  at  the  same  time 
the  water  at  the  lowest  part  of  the  boiler — the  firebox — is 
heated.  Any  severe  leakage  at  the  transverse  seams  of  loco- 
motive boners  can  generally  be  traced  to  the  interference  of  tha 
end  contraction,  and  expansion  by  some  of  the  barbarous  styles 
of  staying  the  boiler  to  the  frames,  which,  unfortunately,  to 
some  extent  still  exist. 

The  strain  along  the  bottom  of  long  Cornish  and  Lancashire 
boilers  produced  by  the  expansion  of  the  bottom  compared  with 
the  top,  and  the  still  greater  expansion  of  the  through  tubes, 
sometimes  results  in  fracture  at  the  ring  seams,  and  very  fre- 
quently leads  to  leakage,  which  has  the  effect  of  grooving  the 
bottom  plates  in  a  characteristic  manner  at  the  edges  of  the 
transverse  seams.  The  rapidity  with  which  this  grooving  occurs, 
and  other  evidences  of  the  intensity  of  the  chemical  action,  can 
only  be  accounted  for  by  the  presence  of  some  strong  acid,  and 
there  can  be  little  doubt  that  the  sulphurous  and  other  acids, 
from  the  coal  are  the  principal  elements  of  destruction.  Water 
is  considered  capable  of  absorbing  30  times  its  volume  of  sul- 
phurous acid  ;  and  when  this  acid  is  given  off  abundantly  by 
coals  containing  pyrites,  the  rapid  grooving  at  the  ring  seams  is 
not  difficult  to  account  for  when  the  boiler  leaks  at  the  bottom. 
The  unequal  expansion  and  contraction  which  produce  the 
leakage  can  nearly  always  be  traced  to  defective  cirulation, 
either  from  the  cold  feed  water  being  introduced  at  the  bottom, 
or  else,  in  the  case  of  Lancashire  boilers,  from  the  side  and 
middle  water  spaces  being  too  narrow.  These  defects  can  be 
remedied  by  heating  the  feed  water ;  by  introducing  it  just 
below  the  water  level,  where  it  should  be  well  distributed  ;  and 
by  improving  the  circulation  by  the  addition  of  vertical  water 
tubes  when  the  side  and  middle  water  spaces  are  too  cramped. 

The  riveted  joints  in  the  furnace  tubes  of  internally  fired 
tubular  boilers  are  liable  to  leak,  and  cause  corrosion  and 
grooving  on  the  fire-side  of  the  tubes  when  these  are  bound  to 
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each  other  or  to  tlio  shell  by  plate-stays,  and  are  thus  prevented 
from  breathing  freely.  These  stays  are  needlessly  introduced 
by  some  makers  to  support  the  tubes,  and  are  sometimes  rigidly 
attached  to  strengthening  angle  irons  round  them.  They  are  a 
source  of  much  trouble  by  causing  the  tubes  and  shells  to  leak, 
and  they  frequently  lead  to  fractures  in  the  plates. 

Combustion-chambers  and  tube-plates  are  often  corroded 
by  the  leakage  from  the  small  tubes.  In  many  boilers  of  the 
locomotive  class  the  tubes  are  caused  to  leak  by  the  rigid 
manner  in  which  tho  tube-plate  at  tho  fire  end  is  fixed  from  the 
staying  of  tho  fire-box  crown.  The  want  of  freedom  in  the  tube- 
plate  to  expand  and  contract  causes  the  tube-holes  to  become  oval, 
after  which  it  is  almost  impossible  to  prevent  leakage.  The  distor- 
tion of  the  tube-holes  is  sometimes  caused  by  the  excessive 
pressure  concentrated  upon  tho  tube-plate  by  the  girder-stays 
that  support  tho  furnace  or  combustion-chamber  crown.  These 
girder-stays  should  bo  attached  by  sling-stays  to  the  shell- 
crown.  Too  great  rigidity  may  be  avoided  by  slightly  slanting 
tho  sling-stays.  Tubes  are  often  caused  to  leak  by  attempting 
to  get  up  the  steam  too  quickly,  or  by  blowing  out  tho  boiler 
while  the  plates  and  tubes  are  still  at  a  high  temperature. 

Wasting  from  sovero  leakage  is  very  common  at  the  bottom 
corners  of  the  lire-boxes  in  boilers  of  tho  locomotive  class.  This 
is  often  produced  by  tho  difficulty  found  in  making  a  good  joiut 
at  tho  sharp  corners,  which  are  generally  made  of  a  radius  too 
small  to  get  a  rivet  through  at  the  corner.  In  order  to  avoid 
tho  defect  in  question  some  makers  double-rivet  tho  fire-box 
bottom  either  all  along  or  merely  at  tho  corners  ;  others  make 
the  corner  of  the  iuside  to  a  radius  large  enough  to  get  rivets 
through,  and  so  draw  tho  plate  to  the  ring  all  round. 

External  corrosion  from  leakage  takes  place  round  manholes 
and  mudholes  without  mouth-pieces  from  the  difficulty  found 
hi  keeping  the  joints  tight,  and  at  washout-plugs  and  mud- 
plugs  from  defective  threads.  These  threads,  when  fbrmed 
merely  on  the  plate,  are  soon  worn  off  by  screw  Log  and  un- 
screwing the  plug,  and  by  the  iron  rods  passed  through  the  holes 
for  the  purpose  of  cleaning.  These  holes  should,  therefore,  bo 
arranged  with  mouth-pieces  having  a  male  iustead  of  a  female 
screw. 

The  various  kinds  of  fractures  to  be  met  with  may  be  divided 
into  two  classes,  viz.  :  1,  those  caused  by  want  of  freedom  in 
the  plate3  to  expand  and  contract,  by  the  unequal  expansion  of 
the  material  in  different  parts  of  the  boiler,  and  by  too  sudden 
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expansion  and  contraction  ;  2,  those  caused  by  weakness  and 
inability  of  the  material  to  bear  the  steam  pressure,  and  which 
may  be  due  to  bad  workmanship,  originally  bad  material,  or 
deterioration  of  material  originally  good,  malconstruction, 
injudicious  repairs,  corrosion,  overheating,  and  fatigue  arising 
from  long  exposure  to  variations  of  pressure. 

There  are  probably  no  fractures  of  such  frequent  occurrence 
as  those  found  at  the  lap  joints  of  the  furnace-plates  in  exter- 
nally fired  boilers.  They  are  most  common  at  the  transverse 
seams  between  the  end  of  the  boiler  and  the  bridge,  yet  are 
frequently  met  with  at  the  longitudinal  seams,  and  also  at 
the  segmental  seams  at  the  hemispherical  ends,  where  these  are 
exposed  to  the  action  of  the  fire.  The  fractures  are  most  com- 
mon from  the  holes  to  the  edge  of  the  plate  in  the  outside  lap, 
where  they  may  not  be  actually  dangerous  at  first,  but  are 
very  troublesome  and  cause  much  annoyance  and  expense 
through  the  delay  and  repairs  they  necessitate.  They  are 
usually  scarcely  visible  at  first,  but  in  time  become  more  open, 
and  give  rise  to  leakage,  which  is  generally  the  means  of 
drawing  attention  to  their  presence.  In  time  these  lap-edge 
fractures  often  pass  through  the  rivet  holes  into  the  body  of  the 
plate,  where  they  are  likely  to  prove  very  dangerous  if  their 
progress  be  not  arrested  by  drilling  holes  and  placing  second 
rivets  in  their  path,  which  generally  proves  effective.  When 
the  fractures  run  in  a  line  through  the  rivet  holes,  either  at  the 
longitudinal  or  transverse  seams  in  the  shell,  they  must  be 
regarded  as  dangerous,  and  carefully  watched.  Plates  of  good 
quality  will  leak  at  the  fractures,  and  give  indication  of  danger 
where  brittle  plates  would  give  way  suddenly  without  warning. 
The  liability  to  fracture  in  the  furnaces  of  all  boilers  is  greater 
with  thick  than  with  thin  plates. 

The  lap-joints  in  the  shells  of  furnace  boilers  opposite  the 
furnace  throat,  and  also  the  lap  and  T-iron  butt  joints  in  the 
furnace  tubes  of  internally  fired  boilers,  are  liable  to  the  same 
descriptions  of  fracture,  but  especially  to  those  from  the  holes 
to  edge  of  plate.  These  lap  edge  fractures  are  generally 
ascribed  to  the  overheating  caused  by  the  impingement  of  the 
flame  against  the  double  thickness  of  plate  at  the  lap.  But  it 
is  clear  that  the  greater  heat  at  these  parts  would  cause  an 
increased  expansion  that  would  have  the  effect  of  compressing 
the  material,  instead  of  extending  it,  and  thereby  causing  frac- 
ture. Against  this  theory  it  may  be  stated,  that  the  seams  over 
the  bridge  which  are  most  exposed  to  the  impingement  of  the 
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flamo  are  very  seldom  found  to  fracture.  Tho  actual  cause  of 
fracture  at  those  furnace-plate  joints  appears  to  bo  tho  sudden 
longitudinal  and  circumferential  contraction  on  cooling  every 
time  a  current  of  cold  air  strikes  against  tho  plates.  If  we 
consider  tho  effect  of  the  heat  on  tho  ring  seams,  it  is  evident 
that  tho  greater  tho  thickness  of  plate,  the  greater  will  be  the 
elevation  of  temperature  and  tendency  to  expand  at  the  joint. 
Regarding  the  double  thickness  of  plates  at  the  lap  aa  an  arch, 
whether  concave  or  convex  to  the  fire,  tho  expansion  will  find 
full  play  id  gradually  increasing  tho  height  of  tho  arch  either 
upwards  or  downwards,  as  tho  case  may  be.  The  form  of  tho 
expanded  cylinder  will  of  course  be  modified  by  the  internal 
pressure.  On  the  current  of  cold  air  coming  in  contact  with  tho 
joint  in  its  expanded  state,  the  effect  of  the  sudden  reduction  of 
temperature  will  be  to  throw  a  sodden  tensile  strain  on  the  out- 
side plate  of  tho  lap.  This  contraction  is  resisted  by  the  inner 
plate,  which  still  retains  the  form  duo  to  its  higher  temperature, 
and  fracture  from  the  rivet  hole  to  tho  edge  of  tho  plate  is  tho 
inevitable  result  if  tho  ductility  or  elasticity  of  tho  iron  bo  too 
severely  taxed.  After  a  certain  amount  of  expansion  and  con- 
traction even  tho  very  best  plates  become  brittlo,  and  fracture 
from  the  rivet  holes  to  tho  edge  of  tho  plate.  Fracture  through 
the  lino  of  rivet  holes  at  the  transverse  seams  is  caused  by  a 
longitudinal  tensile  strain  acting  in  a  somewhat  similar  manner. 
Fractures  of  both  kinds  at  the  longitudinal  seams  over  the  liro 
are  also  caused  somewhat  after  tho  manner  just  described. 

Many  cases  of  fracture  are  met  with  which,  on  account  of 
their  protected  position,  cannot  at  first  sight  bo  accounted  for 
by  tho  cooling  action  wo  have  just  considered.  Such,  for 
instance,  as  tho  edge  fractures  in  tho  longitudinal  lap  joints 
placed  just  above  tho  fire-bars  of  some  internally  fired  boilers. 
Since  the  fractures  hero  are  placed  iu  the  fire,  they  cannot  havo 
been  caused  by  the  air  currents  through  the  furnace  door.  Yet 
boing  just  above  the  bars,  the  joints  are  liable  to  have  a  strong 
jet  of  cold  air  suddenly  let  in  upon  them  when  the  hot  fuel  is 
removed  on  stirring  or  cleaning  the  fire,  processes  that  must  be 
repeatedly  performed  with  any  description  of  coal  that  yields 
much  clinker. 

Again,  it  would  appear,  at  first  sight,  that  the  edge  frac- 
tures that  so  frequently  occur  at  the  outside  laps  in  the  shells  ot 
some  descriptions  of  furnace  boilers,  just  opposite  the  furnaco 
throat,  are  out  of  reach  of  any  rush  of  cold  air,  being  so  far 
from  the  proper  air-entrance  by  the  furnace  door.    Yet  it  is 
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tolerably  certain  that  these  fractures  occur  on  the  removal,  by 
accident  or  intention,  of  the  brickwork  near  the  place  where 
the  fractures  occur,  while  the  plates  are  still  at  a  high  tem- 
perature. 

It  has  been  attempted  to  explain  the  occurrence  of  these 
fractures  by  assuming  that  the  intense  heat  and  ebullition  pre- 
vent the  contact  between  the  plate  and  the  water.  When  the 
heat  subsides,  the  water  coming  in  contact  with  the  overheated 
plate  causes  it  suddenly  to  contract  and  fracture.  This  might 
certainly  account  for  a  fracture  at  the  inner  plate  at  the  lap, 
but  not  in  the  outer  plate.  That  fractures  in  the  body  of  tho 
plate  occur  in  this  manner  is  extremely  probable. 

The  production  of  fractures  after  the  manner  described  is 
aided  by  the  tendency  of  furnace  plates  to  become  permanently 
shortened  after  oft:repeated  heating  and  cooling. 

As  to  the  means  for  preventing  these  fractures,  at  the  seams 
of  riveting,  in  furnace  boilers,  the  only  method  to  ensure  suc- 
cess is  to  guard  the  plates  from  both  the  heat  and  the  cold  air  by 
a  shield  of  brickwork,  which,  however,  should  be  arranged  so 
as  not  to  harbour  moisture  against  the  plates. 

"With  externally  fired  boilers  the  liability  to  fracture  at  the 
laps  increases  as  the  fire  is  approached  to  the  boiler  bottom.  By 
lowering  the  height  of  the  bars,  which  diminishes  the  intensity 
of  the  heat  from  radiation  and  at  the  same  time  allows  the  air 
to  diffuse  itself,  a  partial  remedy  can  in  most  cases  be  effected. 
Attempts  have  been  made  to  prevent  the  rush  of  cold  air  on 
opening  the  fire-door  for  stoking,  by  employing  some  self-acting 
apparatus  to  close  the  damper  as  the  door  is  opened.  This 
plan,  however,  interferes  with  the  process  of  combustion,  and  is 
productive  of  smoke.  Deflecting  arches  inside  the  fire-door,  to 
direct  the  entering  cold  air  on  to  the  fire,  instead  of  allowing  it 
to  rush  straight  at  the  plates,  have  also  been  tried  with  partial 
success.  But  the  trouble  of  keeping  these  deflectors  in  repair 
leads  to  their  disuse.  The  best  and  simplest  means  is  to  dis- 
pense with  the  transverse  laps  over  the  fire  altogether,  so  as  to 
do  away  with  the  excessive  expansion  and  sudden  contraction 
they  give  rise  to  from  the  thickness  of  iron  their  use  involves. 
This  can  best  be  done  by  keeping  the  second  ring  seam  behind 
the  bridge  by  using  a  long  plate  over  the  fire.  Before  the  air 
reaches  this,  it  will  be  sufficiently  heated  not  to  act  injuriously 
on  the  plate  at  the  joint.  This  plate  must  be  sufficiently  wide 
to  keep  the  longitudinal  seams  out  of  reach  of  the  fire  and  cold 
air.    The  objections  to  this  arrangement  are  the  increased  cost 
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Involved  in  using  such  a  largo  plate,  and  tho  long  unbroken 
(ength  of  longitudinal  seam  it  forms,  which  must  bo  a  source  of 
weakness.  This  can,  however,  be  partially  c -ini  - lied  fof  bf 
double  riveting. 

In  order  to  prevent  tho  liability  to  fracture  in  boilers  with 
internal  furnace  tubes,  the  ring  seams  should  be  as  few  as  pos- 
sible, and  made  with  "  Adamson"  flanges.  The  longitudinal 
seams  should  always  be  kopt  below  the  lirc-bars. 

Fractures  of  a  dangerous  nature,  and  which  may  be  regarded 
as  one  of  the  commonest  causes  of  explosion,  take  place  at  tho 
ring  seams  of  externally  fired  boilers,  near  mid-length,  where 
no  cold  air  can  roach  thorn.  Those  fractures  usually  run  through 
tho  rivet  holes  at  tho  inner  plato  of  the  lap,  and  are  brought 
about  in  boilers  of  moderato  length  by  tho  sudden  contraction 
of  tho  plates  consequent  upon  tho  cooling  effect  of  having  tho 
feed  delivered  directly  on  to  them,  or  of  letting  in  cold  water  or 
air  on  tho  hot  plates  too  soon  after  tho  boiler  is  emptied  for 
cleaning.  Tho  quantity  of  brickwork  in  which  these  boilers  are 
often  imbedded,  and  tho  awkward  manner  in  which  they  are 
sometimes  supported  by  an  unnecessary  number  of  carrying 
brackots,  must  greatly  interfere  with  their  freedom  to  contract 
equally  throughout  their  length,  and  in  such  ca<es  even  a  cold 
current  of  air  lot  in  on  tho  shell  bottom,  after  the  lire  is  drawn 
and  the  boiler  is  empty,  is  sufficient  to  produce  a  Lugo  trans- 
verse seam  rip.  In  very  long  boilers  tho  expansion  of  the 
bottom  when  at  work  would  cause  tho  shell  to  arch  upwards  II 
much  as  half  an  inch,  or  even  more,  at  tho  ends,  were  this  elevating 
tendency  not  resisted  by  tho  weight  of  water  in  the  boiler.  The 
arching  is  however  sufficient  to  throw  tho  whole  weight  of  the 
boiler  for  a  timo  on  tho  middle  supports,  and  after  a  length  of 
service  tho  contraction  that  takes  place  more  or  less  in  all  plates 
subjected  to  alternate  heatiug  and  cooling  13  suiheient  to  arch 
the  boiler  upwards  in  the  middle  when  cold,  thus  lifting  it  clear 
of  its  middle  supports,  and  throwing  such  a  tensile  strain  on  the 
bottom  plates  as  to  cause  a  transverse  seam  rip. 

The  expansion  and  its  effects  in  all  cases  will  of  course  bo 
increased  when  the  furnace  and  flue  plates  become  partially 
overheated  through  being  covered  internally  with  a  thick  coating 
of  incrustation,  or  when  the  water  is  very  greasy,  and  contains 
carbonate  of  lime  in  considerable  quantity. 

The  flat  ends  of  shells  and  tubes  are  liable  to  fracture  through 
the  rivet  holes,  or  through  the  corners  of  the  angle  irons  or  flanges 
securing  them,  either  for  want  of  sufficient  stiffness  or  from 
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being  too  rigid,  in  the  same  manner  that  we  accounted  foi 
internal  end  plates  grooving. 

The  same  causes  that  lead  to  grooving  may  also  lead  to 
fracture,  directly  or  else  indirectly,  by  weakening  the  plate  suffi- 
ciently for  the  steam  pressure  to  complete  the  destruction. 

A  common  example  of  fracture  from  unequal  expansion  is 
found  in  the  long  vertical  chimney  boilers  used  in  connection 
with  forges  and  iron  furnaces.  These  are  like  a  Cornish  boiler 
placed  on  end,  the  flue-tube  being  out  of  the  centre  to  allow 
more  space  for  cleaning,  (fee,  leaving  only  about  6  inches 
between  the  tube  and  shell.  The  expansion  of  the  tube  is 
found  in  some  cases  to  exceed  that  of  the  shell  by  fully  half  an 
inch.  This  necessarily  throws  an  enormous  strain  on  the  end 
angle  irons  and  rivets,  resulting  after  a  brief  service  in  fracture 
through  the  rivet  holes,  angle  iron,  or  plate  round  the  edge  of 
the  angle  iron.  Were  the  bottom  of  the  flue- tube  in  a 
Cornish  boiler  exposed  to  as  much  heat  as  the  crown,  many  of 
these  boilers  as  at  present  constructed  could  not  be  worked  for 
the  trouble  and  danger  that  would  result  from  the  rigidity  of 
the  end  plate  bottom. 

The  furnace  crowns  of  small  vertical  boilers,  when  crowded 
with  small  tubes,  are  rendered  too  rigid  and  liable  to  fracture, 
as  well  as  to  groove,  at  the  flange  or  angle  iron  securing  the 
crown  to  the  furnace.  The  rigidity  is  sometimes  increased  by 
dishing  the  crown  plate,  and  the  liability  to  fracture  is  conse- 
quently increased. 

Many  disastrous  explosions  have  occurred,  especially  with 
externally  fired  boilers  fracturing,  immediately  after  repairs,  at 
the  longitudinal  or  transverse  seams,  through  the  lines  of  rivet 
holes  where  new  plates  have  been  joined  to  the  old,  or  where 
the  plates  have  been  repaired  with  patches  riveted  or  bolted  on. 

Many  improbable  causes  have  been  assigned  for  these  acci- 
dents ;  but  the  true  solution  of  the  mystery  lies  in  the  fact  that 
the  old  plates  are  very  often  severely  fractured  by  the  clumsy 
manner  in  which  the  rivet  heads  are  knocked  off  and  the  rivets 
forced  out  of  the  holes.  Then,  on  putting  on  the  new  plates, 
the  reckless  use  of  the  drift  completes  the  mischief,  and  the 
joint  is  ready  to  part  with  a  strain  far  below  the  working 
pressure  of  the  boiler.  Many  of  the  numerous  causes  of  frac« 
tures  at  the  rivet  holes  already  considered  are  assisted  to  an 
unknown  extent  by  bad  workmanship  combined  with  brittle 
material.  Nothing  but  the  strictest  supervision,  and  the  em- 
ployment of  really  skilful  workmen,  can  overcome  this  evil. 
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But  when  boilers  are  constantly  being  bought  at  a  prico  barely 
sufficient  to  pay  for  tho  plates  of  proper  quality  it  would  bo 
hopeless  to  expect  first-rate  and  trustworthy  work. 

In  boilers  of  tho  locomotive  class  fractures  often  occur  in  tho 
firebox  tube  plate,  either  at  the  roots  of  tho  flanges  or  through 
the  material  between  tho  tubes,  in  consequence  of  want  of 
freedom  to  expand  and  contract,  or  from  sudden  contraction. 
The  liability  to  fracture  at  the  flanges  is  greatly  increased  by 
making  them  with  too  sharp  a  bend. 

Overheating  may  take  place,  and  be  confined  to  a  very 
limited  area,  or  it  may  extend  over  a  largo  surface.  Examples 
of  fractures  caused  by  overheating  are  most  common  in  exter- 
nally tired  boilers.  Tho  caiiBcs  which  directly  or  indirectly  lead 
to  overheating  are  treated  of  in  tho  chapter  on  "  Explosions. 91 
When  severe  local  overheating  of  any  kind  occurs  in  the  body 
of  a  plate,  tho  material  softens,  and  bulging  outwards  from  tho 
pressure  sometimes  forms  a  pocket,  which  is  eventually  fractured 
by  tho  pressure  itself  or  by  tho  contraction  on  the  plate  cooling 
down. 

When  fractures  arise  in  a  plate  that  has  been  so  intensely 
heated  as  to  drive  the  water  oft' the  surface,  they  may  have  been 
caused  either  by  tho  pressure  overcoming  the  tensional  resist- 
ance of  the  softened  plate,  or  by  contraction  on  the  water 
coming  again  in  contact. 

An  effect  of  overheating  but  rarely  met  with  is  found  in  tho 
fretting  and  partial  fracturing  of  tho  outside  surface  of  thick 
plates  when  exposed  to  an  intense  heat,  as  when  a  large  body  of 
flame  becames  concentrated  and  impinges  on  a  limited  surface. 
In  such  a  case  tho  outer  surface  of  tho  plate  is  subject  to  much 
greater  variations  in  temperature  than  the  inner  layers  of  the 
plate,  and  deteriorates  more  rapidly.  It  is  also  probable  that 
the  cracking  of  the  outer  face  is  in  great  measure  due  to 
the  presence  of  corrosive  gases  given  off  by  tho  burning 
fuel. 

When  a  furnace  plate  is  laminated,  it  is  very  liable  to  over- 
heating on  the  outer  surface  in  consequence  of  the  increased 
resistance  the  want  of  solidity  offers  to  the  thermal  conduction. 
The  overheating  causes  the  outer  shell  to  bulge  and  form  a 
blister,  which  sooner  or  later  fractures  either  at  the  apex,  when 
the  thickness  of  the  skin  is  uniform,  or  near  the  edge,  when  it  ii 
thinnest  here,  and  offers  the  least  resistance  to  breaking. 

Fractures  from  overheating  are  very  common  between  the 
stays  in  the  flat  surfaces  of  locomotive  fireboxes.    These  are 
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caused  solely  by  the  softened  plates  bulging  and  yielding  to  the 
pressure. 

Some  of  the  plans  that  have  been  used  for  admitting  air 
behind  the  bridge  for  smoke  prevention  have  led  to  serious 
trouble  from  the  alternate  heating  and  cooling  effect  the  air 
produces  at  various  stages  of  the  combustion,  especially  where 
the  current  of  air  has  been  allowed  to  impinge  in  considerable 
volume  against  the  furnace  plates. 


CHAPTER  X. 


FACTOR  OF  SAFETY. 

In  seeking  to  determine  the  proper  co-efficient  or  factor  of 
safety  to  use  for  the  tosting  and  working  pressures  of  a  boiler, 
or  in  other  words  to  decide  what  ratio  these  pressures  should 
bear  to  the  ultimate  strength,  to  provide  against  defects  arising 
out  of  wear  and  tear,  as  well  as  original  defects  of  workmanship 
and  material,  we  must  ascertain  the  manner  in  whieh  the  boilflf 
is  strained  and  the  power  of  the  material  to  resist  tho  strains 
under  ordinary  working  conditions.  In  the  case  of  a  cylindrical 
boiler  it  is  usually  taken  for  granted  that  the  fluid  pressure  and 
diameter  on  the  one  side,  and  the  ultimate  breaking  strength  of 
tho  plates  or  joints  on  the  other  side,  are  the  only  elements  to 
be  considered,  and  that  the  bursting  strength  as  estimated  from 
these  data  divided  by  proper  factors  of  safety,  usually  G  and  3, 
should  give  the  working  and  testing  pressures  respectively. 
Now,  in  the  first  place,  in  many  cases  the  steam  pressure  is  not 
tho  greatest  force  tho  boiler  has  to  withstand,  and  any  increase 
of  thickness  in  the  plates,  by  its  tendency  to  increase  the  strains 
arising  from  tho  sudden  or  unequal  expansion  and  contraction, 
may  be  tho  means  of  weakening  the  boiler  instead  of  strength- 
ening it.  The  effect  of  these  strains  on  tho  boiler  should,  there- 
fore, always  bo  considered  in  estimating  its  strength.  In  tho 
second  place,  the  method  of  fixing  the  factors  of  safety  from 
the  original  ultimate  tensile  strength  of  the  material  alone  can 
only  be  considered  satisfactory  if  the  strength,  elasticity,  and 
ductility  of  the  material  remain  unchanged  under  all  conditions 
of  working  and  testing.  We  also  require  to  know  what  strain 
the  material  will  stand  without  producing  such  change  of  form 
or  size  as  may  be  detrimental  to  the  efficiency  of  the  structure, 
and  how  the  strength  and  character  of  the  material  is  affected 
after  long  exposure  to  trying  work. 

If  we  submit  a  straight  bar  or  plate  of  good  wrought  iron  of  re- 
gular section  to  a  steady  tensile  strain,  it  will  up  to  a  certain  point 
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be  found  to  stretch  uniformly  about  Yohou  Par^  °^ ^s  length  f°r 
every  ton  per  square  inch  of  sectional  area  applied.  If  the  bar 
returned  fully  and  perfectly  to  its  original  length  on  the  removal 
of  the  load,  its  elasticity  would  be  said  to  be  perfect.  This 
theoretically  perfect  elasticity  is  not  attainable,  and  it  is  pro- 
bable that,  if  we  had  sufficiently  accurate  and  delicate  means  of 
measuring  the  bar,  it  would  be  found  to  be  permanently  elon- 
gated by  the  smallest  loads  if  permitted  to  act  for  a  length 
of  time  ;  but  for  practical  purposes  the  elasticity  may  be  con- 
sidered perfect  up  to  loads  of  3  or  4  tons  per  square  inch,  and 
with  good  wrought  iron  the  permanent  set  is  so  slight  for  loads 
below  the  limit  of  10  or  12  tons  per  square  inch,  or  about  one- 
half  the  breaking  weight,  as  not  to  be  sensibly  felt  in  a  boiler 
shell.  Besides,  with  these  small  loads  the  permanent  set  will 
not  be  increased  by  any  number  of  repeated  applications  of  the 
same  load,  and  it  may  therefore  be  considered  as  being  consistent 
with  perfect  safety.  But  when  the  stress  exceeds  the  above 
limit,  it  will  be  found  that  the  set  is  increased  by  repeated  ap- 
plications of  the  same  or  even  a  less  load,  provided  that  time  bo 
allowed  for  it  to  act,  and  the  limit  of  elasticity  of  the  material 
is  now  said  to  have  been  exceeded.  The  limit  of  elasticity  may 
then  be  denned  as  the  greatest  stress  that  can  be  applied  without 
producing  an  increased  set  by  repeated  applications.  The 
amount  of  elongation  produced  by  a  load  exceeding  the  elastic 
limit  will  render  the  iron  useless  in  most  structures,  and  espe- 
cially in  a  steam  boiler,  where  the  tightness  of  the  joints  will 
become  destroyed  even  before  such  a  strain  can  be  reached.  It 
is  therefore  evident  that  we  must  be  guided  directly  by  the 
elastic  limit  of  the  material,  and  not  by  its  ultimate  breaking 
strength,  in  deciding  upon  the  stress  we  can  safely  subject  a 
boiler  to.  For  mild  steel  the  elastic  limit  may  be  taken  at 
15  tons. 

If  we  continue  to  stretch  our  bar  by  increasing  the  load  until 
it  tears  asunder,  and  then  restretch  the  broken  pieces,  we  shall 
find  that  they  will  bear  as  great  a  load,  or  even  greater  than 
in  the  first  instance,  showing  that  the  actual  breaking  strength 
is  not  reduced  by  a  strain  little  short  of  that  sufficient  to 
produce  fracture.  But  the  character  of  the  iron  will  have  been 
changed,  inasmuch  as  in  the  first  instance  the  entire  bar  would 
be  drawn  out  considerably  before  breaking,  whereas  in  the  fol- 
lowing breakages  the  pieces  will  be  found  to  break  short  off 
with  comparatively  little  reduction  of  fractured  area,  exhibiting 
in  consequence  a  more  crystalline  fracture.    They  will  be  less 
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able  to  stand  a  sudden  strain,  although  their  limit  of  elasticity 
will  have  been  increased. 

Now,  it  is  extremely  probable  that  the  hardness  which  is 
induced  by  a  severe  dead  weight  acting  for  a  short  length  of 
time  may  be  produced  by  a  very  much  less  stress  oft  repeated 
and  suddenly  applied.  This  may  ox  plain  why  boiler  plate, 
originally  good  and  ductile,  has  been  found  after  long  service  to 
become  hard  and  brittle,  more  especially  when  it  has  been  ex- 
posed to  severe  strains,  as  in  the  part  of  a  shell  having  a  largo 
hole  cut  in  for  the  dome,  in  some  furnaces,  or  in  locomotive 
boiler  barrels  connected  rigidly  to  the  frames.  In  addition  to 
the  comparatively  constant  and  steady  steam  pressure,  it  must 
not  be  forgotten  that  many  boiler  shells  aro  subject  to  severe 
shocks  from  the  sudden  opening  and  shutting  of  valves,  as  well 
as  to  severo  tensile  strains  arising  from  the  contraction  caused  by 
the  sudden  impingement  of  cold  water  or  air  against  the  hot  plates. 

The  limit  of  elasticity  of  wrought  iron  is  materially  affected 
by  the  number  of  times  the  application  of  the  load  is  repeated, 
and  also  by  the  difference  between  the  constant  load  on  the 
material  and  tho  increment  of  load  that  is  applied,  as  well  as 
by  tho  length  of  time  tho  constant  and  variable  stresses  act. 
From  the  results  of  carefully  conducted  experiments  by  various 
authorities,  and  from  general  experience  in  boilrr  praetice,  it 
may  be  concluded  that  tho  limit  of  elasticity  for  boiler  plates 
may  be  safely  taken  at  10  tons  per  square  inch  of  nett  section  ; 
but  to  allow  for  contingencies  it  should  not  be  taken  at  more 
than  A  tho  breaking  strength  of  tho  joints,  which  is  tho  limit  of 
test  pressure  to  which  a  new  boiler  should  be  strained.  This 
test  pressure  may  also  be  safely  applied  to  an  old  boiler  whoso 
plates  have  been  exposed  only  to  tensile  strains,  although  they 
may  have  varied  in  intensity  many  times  a  day  from  variations 
of  temperature  and  pressure.  But  before  such  a  test  is  applied 
to  an  old  boiler  its  condition  must  be  satisfactorily  ascertained 
by  thorough  examination  of  every  part  both  inside  and  out. 
Such  an  examination  can,  however,  only  be  carried  out  in 
certain  kinds  of  boilers,  and  these  require  to  be  completely 
bared  and  cleaned  for  the  purpose.  Any  loss  of  strength  by 
wasting  or  grooving  of  plates,  angle  irons,  rivets,  or  stays  must 
of  course  be  allowed  for  in  estimating  the  strength.  It  may  be 
remarked  that  the  actual  strength  of  a  boiler  may  not  be  im- 
paired by  a  wasting  in  the  body  of  the  plate  away  from  the 
joints,  so  long  as  the  remaining  section  is  not  less  than  the 
nett  section  through  tho  line  of  rivet  holes. 
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When  the  condition  of  the  boiler  after  being  used  for  a 
number  of  years  cannot  be  satisfactorily  ascertained,  the  testing 
pressure  should  not  exceed  one-fourth  the  estimated  ultimate 
strength  'of  the  joints  and  stays. 

The  plates  of  some  boilers  are  exposed  to  severe  compressive 
as  well  as  tensile  strains,  as  in  the  shells  of  many  long  exter- 
nally fired  boilers,  and  in  the  barrels  of  some  locomotive  boilers 
rigidly  attached  to  the  frames.  In  such  cases  after  long  wear 
the  tensile  strength  of  the  iron  is  greatly  reduced,  and  the 
material  is  rendered  brittle  ;  but  we  are  in  want  of  information 
as  to  its  effect  on  the  limit  of  elasticity.  It  is,  however,  pro- 
bable that  the  limit  of  elasticity  is  not  reduced  in  the  same  pro- 
portion as  the  ultimate  strength  of  the  material,  and  the  same 
factors  of  safety  as  above  given  may  be  used  for  the  test 
pressure,  provided  that  it  be  gradually  applied  and  the  plates 
are  not  thrown  into  vibration  by  hammering  or  jarring  of  any 
kind. 

In  deciding  upon  the  proper  factor  of  safety  to  use  for  the 
working  pressure  we  must  be  guided  by  circumstances.  For  a 
boiler  that  is  thoroughly  examined  at  regular  intervals,  and 
whose  condition  is  satisfactorily  known,  we  should  be  justified 
in  allowing  a  less  margin  of  safety  than  with  a  boiler  that  is 
allowed  to  work  without  being  examined  for  a  length  of  time, 
extending  perhaps  over  several  years,  during  which  its  strength 
may  become  considerably  reduced.  In  the  former  case  there 
would  be  much  less  risk  in  using  a  factor  of  safety  of  only  3 
for  the  working  pressure,  than  in  allowing  as  large  a  factor  of 
6  in  the  latter  case.  Again,  for  boilers  that  are  periodically 
examined  we  may  safely  use  a  less  factor  of  safety  when  we 
can  depend  upon  the  non-corrosive  action  of  the  feed  water, 
dry  condition  of  the  flues  and  surroundings,  and  uniformity  of 
strain,  than  when  the  reverse  of  these  conditions  is  known  to 
exist. 

As  a  rule  we  may  use  for  the  working  pressure  of  new  boilers, 
or  those  whose  condition  is  known  and  regularly  ascertained  at 
intervals  of  from  6  to  12  months,  a  factor  of  safety  of  5  or 
even  somewhat  less,  and  for  those  whose  condition  is  not  so 
well  known  a  factor  of  6  or  8,  according  as  the  nature  of  each 
case  may  demand. 

Since  the  strength  of  cylindrical  flue  tubes  decreases  as 
the  square  of  the  reduction  of  thickness,  whilst  the  strength  of 
the  shell  decreases  simply  as  the  reduction  of  thickness,  a  larger 
margin  of  safety  for  wear  should  be  allowed  for  the  former. 
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The  only  means  wo  Lave  of  ascertaining  with  any  degree  ot 
certainty  the  safety  of  a  boiler,  is  by  the  application  of  pressure, 
which  should  be  under  conditions  as  similar  as  practicable  to 
those  of  actual  work.  Lot  a  boiler  bo  ever  so  carefully  de- 
Eigned  and  constructed  according  to  the  knowledge  acquired  by 
careful  research  and  long  experience  in  the  strength  and  dis- 
position of  its  materials,  and  lot  every  plate  be  tested  before  it 
is  put  in,  there  will  still  remain  an  element  of  doubt  as  to  the 
actual  strength  of  the  boiler  since  the  material  may  have  sus- 
tained injuries  in  tho  process  of  construction  which  have 
escaped  detection.  In  tho  caso  of  a  new  boiler,  even  by  a  first- 
rate  maker,  to  say  nothing  of  original  and  hidden  flaws  in  tho 
plates,  bars,  angle  irons,  ami  castings,  there  is  always  a  possi- 
bility of  defects  srxrh  as  bad  welding,  careless  riveting,  plates 
burnt  in  flanging  or  cracked  in  bending,  and  many  other  defects 
that  may  be  traced  to  tho  want  of  skill  or  reckless  negligence 
on  the  part  of  the  workmen. 

Many  cases  of  dangerous  defects,  which  tho  strictest  scrutiny 
of  the  completed  boiler  would  fail  to  detect  have  been  brought 
to  light  by  tho  hydraulic  test  combined  with  careful  inspection. 
Tho  followiug  may  be  given  as  examples.  In  a  new  boiler  tho 
rivet  holes  in  some  of  the  shell  plates  instead  of  being  about 
-j-J  inch  diameter  were  discovered  to  have  been  repunched 
and  made  1  inch  by  in  order  to  get  the  J -inch  rivets 
through  the  holes  in  the  adjoining  plate.  The  section  of  the 
adjoining  plates  through  tho  lino  of  rivets  was  thereby  reduced 
14  or  15  per  cent,  more  than  necessary,  and  the  strength  was 
further  diminished  by  the  presence  of  incipient  fractures  pro- 
duced by  the  reckless  nseof  the  drift.  The  difficulty,  or  rather 
impossibility,  of  keeping  the  joint  tight  in  testing  by  hydraulio 
pressure  led  to  the  discovery  of  these  defects  which  were 
certainly  dangerous. 
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In  another  case,  the  gusset  plates  of  a  Cornish  boiler  were 
found  to  he  put  in  between  the  double-angle  irons  on  the  ends, 
with  the  material  between  the  holes  and  edge  of  the  plate 
nearly  all  cut  away.  Such  a  defect  would  not  be  apparent  to 
the  eye,  being  completely  concealed,  nor  to  to  the  ear  if  tested 
by  sound,  yet  its  presence  was  revealed  by  the  bulging  of  the 
plates  on  testing  the  boiler  with  water- pressure. 

These  two  cases  indicate  the  possible  unreliability  of  the  mere 
internal  inspection  of  a  finished  boiler,  and  show  that  boilers 
should  always  be  carefully  inspected  during  construction,  as 
well  as  when  completed  and  ready  for  work. 

There  are  many  boilers  which  do  not  admit  of  anything  like 
proper  examination  as,  for  example,  locomotive  boilers,  which,  as 
a  rule,  are  worked  with  a  less  margin  of  safety  than  auy  other 
class.  The  expense  of  removing  the  tubes  would  alone  forbid 
a  periodical  examination  of  the  barrel,  aud  the  water  spaces 
round  the  firebox  are  almost  entirely  out  of  sight.  Then, 
again,  many  forms  of  marine  boilers  and  the  entire  small  fry  of 
portable,  agricultural,  and  small  crane  boilers  are  so  constructed 
that  a  thorough  examination  is  out  of  the  question.  There  are 
also  boilers  whose  construction  being  unusual  or  irregular  and 
complicated,  defies  even  an  approximate  calculation  of  their 
strength  being  made. 

Now,  in  all  these  cases  there  is  only  one  means  of  testing  the 
strength,  and  that  is  the  application  of  pressure.  The  many 
ways  in  which  this  can  be  applied  may  be  classed  under  two 
heads,  viz.,  by  steam  and  by  water. 

To  those  who  have  not  been  accustomed  to  it,  it  may  appear 
the  height  of  madness  to  test  a  boiler  first  by  steam  in  order 
to  ascertain  if  it  be  safe  at  50  or  25  per  cent.  lowrer  pressure, 
as  the  case  may  be.  This  however  is  to  some  extent  done,  but 
it  was  once  the  common  practice  at  many  of  the  boiler  works 
and  railway  works  throughout  the  country.  This  practice  is 
neither  more  nor  less  than  an  attempt  to  explode  a  boiler  in  the 
repairing  shed  or  boiler  yard,  to  see  whether  it  will  not  ex 
plode  on  the  line  or  at  the  works  of  the  purchaser.  Notwith- 
standing that  hundreds  or  thousands  of  boilers  have  successfully 
passed  through  this  ordeal,  the  danger  of  which  is  usually 
aggravated  by  caulking  and  hammering  all  the  time  at  leaky 
rivets  and  joints,  the  principle  is  inherently  bad,  and  no 
amount  of  success  which  hitherto  may  have  attended  it  can 
render  the  practice  justifiable. 

In  favour  of  testing  by  steam,  it  is  argued  that  it  is  the  only 
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method  by  which  the  conditions  of  strain  can  possibly  bo  tho 
same  as  those  under  which  the  boilor  Ifl  (forked.  No  doubt 
this  is  in  the  main  true,  but  the  steam  test  should  only  be 
applied  after  tho  strength  of  the  boiler  ban  been  ascertained  by 
testing  with  water. 

With  regard  to  th3  various  modes  of  testing  by  hydraulic 
pressure,  that  commonly  adopted  is  to  pump  water  in  until  the 
dosired  pressure  bo  reached.  Tho  condition  of  the  joints  ami 
rivets  is  then  looked  to,  and  any  very  conspicuous  distortion  or 
defect  probably  noted.  This  is  on  tho  face  of  it  only  a  slip- 
shod and  altogether  unsatisfactory  manner  of  making  the  test. 
Of  course,  it  will  depend  upon  tho  construction  and  size  of  tho 
boiler,  and  existing  circumstances  of  situation,  accessibility,  Arc., 
which  is  the  best  course  to  pursue  in  any  given  case.  Jn  re- 
testing  boilers  on  their  seating  that  have  been  some  time  at 
work,  and  whoso  condition  has  previously,  but  at  n<»  distant 
period,  been  ascertained  by  careful  test  and  examination,  the  re- 
testing  will  bo  sufficiently  satisfactory,  if,  when  the  pressure  is 
put  on  the  gauge  remains  stationary,  thereby  indicating  tho 
absence  of  leakage.  At  the  same  time,  it  is  always  advisable  to 
examino  the  flues  and  rest  of  the  boiler  that  may  be  accessible 
whilst  tho  pressure  is  on. 

In  testing  a  new  boiler,  before  tho  pressure  is  applied,  tho 
various  parts  should  bo  measured  and  gauged,  and  the  results 
carefully  noted.  In  Cornish  and  Lancashire  boilers  each  bolting 
of  plates  of  which  the  internal  tubes  are  made  up  should  be 
accurately  gauged  across  tho  diameter,  both  vertically  and 
horizontally,  particularly  if  the  tubes  are  somewhat  ovaL  Tho 
exact  spots  where  tho  measurements  are  taken  are  best  in- 
dicated with  accuracy,  by  marking  them  with  a  centre  punch 
and  the  dimensions  at  each  place  should  be  written  on  the 
plate  or  othewise  carefully  noted  for  checking  when  the  pres- 
sure is  on.  Sometimes,  however,  the  more  troublesome  plan  is 
used  of  making  a  separate  rod  gauge  for  each  measurement. 

It  is  very  troublesome  and  difficult  to  measure  and  re- 
measure  the  circumference  of  a  large  boiler  shell  with  any 
degree  of  accuracy  by  steel  tape  lines  or  other  means.  The 
amount  of  permanent  set  in  cylindrical  shells  is  usually  so  slight 
when  the  boiler  is  not  injured  by  the  test,  as  to  be  scarcely  per- 
ceptible with  the  rough  means  employed  to  measure  it.  Most 
attempts  to  carry iug  out  the  system  of  gauging  the  circum- 
ference have  in  consequence  proved  unsatisfactory,  and  have 
been  abandoned  after  a  short  trial    The  effect  of  the  pressure 
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on  flat  surfaces,  stayed  or  unstayed,  however,  admits  of  accu- 
rate measurement  with  simple  appliances  and  with  little  trouble. 

After  the  test  pressure  has  been  maintained  some  time,  the 
measurements  previously  obtained  should  be  checked,  and  any 
extension,  distortion,  bulging,  <fcc,  carefully  noted.  Then, 
again,  when  the  pressure  is  relaxed,  which  may  be  done  sud- 
denly, it  should  be  ascertained  whether  any  changes  of  shape 
that  may  have  been  found  are  permanent  or  not.  If  there  be 
any  permanent  enlargement  or  distortion,  even  of  the  slightest 
degree,  it  should  be  satisfactorily  examined  to  decide  whether 
it  is  due  to  the  elastic  limit  of  the  material  having  been  ex- 
ceeded or  to  mal-construction.  There  are  cases,  as,  for  instance, 
with  flat  surfaces,  where  a  permanent  set  might  take  place  and 
which  would  be  quite  safe  at  the  ordinary  working  pressure. 
This  is  especially  the  case  with  stayed  surfaces,  for  it  seldom 
happens  that  each  stay  in  a  series  takes  its  due  proportion  of 
load  until  the  stays  have  been  stretched  or  the  plates  distorted 
by  the  pressure. 

But  cases  of  a  permanent  flue  tube  distortion  or  flattening, 
must  always  be  treated  with  the  greatest  caution,  since  the 
change  of  shape  is  liable  to  become  aggravated  on  a  subsequent 
application  of  the  same  or  even  a  less  pressure.  In  all  cases 
where  a  permanent  set  is  discovered,  the  test  should  be  repeated 
again  and  again  if  necessary,  to  ascertain  if  the  set  becomes 
increased. 

Some  advocate  the  method  of  marking  the  leaky  seams  and 
rivets  when  the  full  pressure  is  on,  and  then  reducing  the  pres- 
sure for  caulking.  This  may  appear,  however,  an  unnecessary 
precaution  when  testing  with  water,  yet  it  should  always  be 
rigidly  carried  out  when  testing  by  steam.  The  jarring  caused 
by  the  caulking  is  no  doubt  liable  to  start  the  seams  and  cause 
fresh  leakage  when  the  shell  is  under  severe  stress,  and  in  all 
cases  it  is  perhaps  better  to  reduce  the  pressure  whilst  the 
boiler  is  being  caulked. 

Many  recommend  the  employ m en t  of  hot  water  for  testing, 
since  it  assimilates  the  conditions  of  stress  to  those  the  boiler  is 
exposed  to  when  at  work.  However,  the  nearer  the  heat 
approaches  to  the  conditions  of  working,  the  less  capable  is  the 
boiler  of  being  gauged  and  examined,  in  consequence  of  the 
presence  of  the  very  heat  that  is  recommended.  This  fact  con- 
demns, in  the  writer's  opinion,  the  method  of  using  very  hot 
water,  as  a  hydraulic  test  is  comparatively  worthless  without 
careful  examination  at  the  same  time.     This  objection  to  hot 
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testing  applies  most  strongly  to  tubular  boilers  where  the  large 
tubes  are  likely  to  bo  the  weakest  portion  of  the  structure,  and 
ihoilld  consequently  bo  tho  most  carefully  examine. I  under  pres- 
sure. Moreover,  tho  effects  produced  by  tho  uniform  expansion 
of  tho  whole  boiler  in  using  hot  water  for  testing  are  in  many 
eases  very  unlike  the  local  expansion  of  tho  plates  and 
other  effects  produced  by  the  lire  and  hot  gases. 

A  plan  has  been  proposed  and  in  some  few  cases  adopted  <>f 
Ming  the  boiler  with  water,  closing  every  outlet  and  putting  a 
lire  to  it.  As  water  expands  about  -fa  in  volume  In  rifting  from 
G0°  to  212°,  tho  rise  of  temperaturo  as  the  water  becomes  heated 
will  cause  a  corresponding  increase  of  pressure,  and  from  tho 
regularity  with  which  tho  pressure  rises  tho  condition  of  the 
boiler  can  be  decided,  any  jerks  or  starts  of  tho  gauge  hand 
being  considered  to  denote  weakness,  the  soundness,  on  the  other 
hand,  being  indicated  by  tho  steady  rise  of  the  pressure  gauge. 
In  using  this  method  of  testing,  there  will  be  somo  dilliculty  in 
regulating  the  fire  so  as  to  impart  the  heat  in  a  uniform  and 
regular  manner,  and  also  some  difficulty  in  maintaining  tho  tem- 
perature for  any  length  of  time  exactly  at  the  point  to  cor- 
respond with  tho  desired  pressure.  The  use  of  this  plan  would 
of  courso  forbid  the  examination  during  tho  test,  at  least  of  tho 
heating  surface,  and  it  is  very  doubtful  whether  tho  rise  of 
pressure  would  bo  so  irregular  in  most  cases  as  to  attract 
attention  in  tho  event  of  any  portion  becoming  overstrained. 

It  is  most  important  that  any  permanent  increase  of  volume 
should  bo  detected  and  the  following  plan  for  this  has  been 
proposed  :  After  tho  boiler  is  filled,  tho  quantity  of  water 
forced  in  to  raise  the  pressure  is  accurately  ascertained.  On 
removing  the  pressure  tho  boiler  will  contract  more  or  less,  and 
the  amount  of  water  forced  out,  if  less  than  that  forced  in,  will 
be  considered  to  indicate  a  permanent  dilation  of  volume.  The 
air  in  the  boiler,  to  say  nothing  of  that  present  in  the  water 
which,  however,  could  be  removed  temporarily  by  boiling,  would 
in  most  cases  destroy  the  accuracy  of  this  test.  In  most  boilers 
there  are  so  many  places  for  the  air  to  lodge  about  the  highest 
points  as  to  cause  its  entire  removal  no  easy  matter.  Besides, 
any  leakage  during  the  test  would  falsify  the  result  obtained  by 
measuring  the  water,  and  the  springing  of  the  plates  on  release 
of  pressure  would  be  apt  to  dislodge  more  than  the  ainouut  ot 
water  due  to  contraction  of  volume  alone. 

In  whichever  manner  a  boiler  is  tested,  too  great  care  cannot 
bo  exercised  in  obtaining  the  exact  amount  of  pressure  em- 
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ployed.  The  weighting  of  safety  valves  is  quite  unreliable 
when  water  pressure  is  used,  and  dial  gauges  are  too  apt  to  get 
out  of  order  to  be  implicitly  trusted  when  only  a  single  gauge 
is  used.  Several  curious  but  serious  accidents  to  boilers  have 
happened  through  relying  upon  the  indications  of  a  single 
pressure  gauge  when  testing  by  hydraulic  pressure. 

Although  a  boiler  cannot  be  exploded  when  water  pressure 
alone  is  used,  a  few  serious  accidents  have  occurred  from  the 
springing  of  the  plates  on  their  giving  way  under  hydraulic 
test.  This  is  more  likely  to  occur  with  steel  than  with  iron 
plates.  The  spring  upon  the  material,  together  with  the  ex- 
pansion of  the  compressed  air  have  been  known  to  cause  a  steel 
plate  to  double  right  back  when  it  has  been  fractured  in  testing. 

There  are  many  who  oppose  the  system  of  testing  boilers  by 
hydraulic  pressure  on  the  ground  that  it  does  not  tell  us  the 
actual  strength  of  the  boiler  after  all.  But  the  same  objec- 
tion may  be  urged  with  equal  force  against  the  use  of  a  steam 
test,  and  the  reply  to  this  objection  is  twofold  :  1,  the  test  is 
not  meant  for  perfectly  sound  boilers,  but  for  the  detection  of 
weakness,  which  is  usually  local,  and  if  carefully  conducted,  the 
test  gives  us  positive  evidence  of  the  presence  or  absence  of  such 
weakness,  and  of  the  safety  of  the  boiler  at  the  pressure  it  is 
intended  to  work  at,  so  far  as  the  pressure  per  se  is  concerned. 
2,  In  order  to  ascertain  the  actual  strength  of  a  boiler,  we 
should  have  to  burst  it,  or  at  any  rate  so  far  strain  it  as  to 
render  it  worthless,  which  no  sane  person  would  demand  for  a 
boiler  he  intends  working. 

There  is,  however,  a  more  sensible  argument  that  applies 
equally  to  steam  and  hydraulic  tests,  viz.  : — A  boiler  may  be 
strained  without  detection,  beyond  its  elastic  limit,  either  locally 
or  generally  by  the  test  pressure,  so  as  to  render  it  unsafe  at 
the  lower  working  pressure  ;  or,  in  other  words,  a  high  test 
pressure  may  render  a  boiler  unsafe  which  would  otherwise  have 
been  safe  at  the  lower  pressure  used  in  working  it.  It  is  feared 
that  any  weakness  may  be  aggravated  by  the  test  without  being 
disclosed  by  it.  Such  a  case  is  certainly  within  the  bounds  of 
probability,  and  the  fact  of  its  possibility  should  urge  the 
expediency  of  close  inspection  whilst  the  boiler  is  under  pressure. 

The  danger  of  seriously  injuring  the  strength  by  using  an 
excessive  test  pressure  is  most  likely  to  occur  in  the  case  of 
tubular  boilers,  where  the  distortion  of  the  large  tubes  becomes 
rapidly  aggravated  by  a  lower  pressure  than  that  to  which  the 
distortion  in  the  first  place  may  have  been  due. 
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Wo  como  now  to  the  question, — Sow  lon  j  should  the  test 
pressure  be  maintained  ?  On  the  one  hand,  by  keeping  it  on  ax 
short  a  timo  as  possiblo  auy  serious  straining  may  be  prevented 
and  save  a  weak  boiler,  but  on  the  other  hand,  by  maintaining 
the  pressure  a  considerable  time  -say  half  an  hour  or  mora,  it 
may  lead  to  the  detection  of  weakness  which  would  otherwise 
escape  unobserved.  As  to  the  first  of  these  contingencies,  a 
boiler,  especially  if  new,  should  nut  be  considered  sound  if 
unable  to  bear  a  pressure  considerably  in  excess  of  its  working 
pressure  for  a  considerable  length  of  time  ;  besides,  a  test  of 
short  duration  is  incompatible  with  efficient  inspection.  Want 
of  tightness  in  the  joints  is  often  revealed  by  leakage,  only 
after  tho  pressure  has  been  applied  for  some  time.  In  expla- 
nation, it  may  be  stated  that  tho  steam  or  water  leaking  from  a 
joint  does  not  always  find  its  way  between  the  plates  imme- 
diately opposito  tho  point  of  issue,  but  the  actual  source  of 
the  leakage,  as  wo  may  call  it,  is  at  some  point  perh  d 
inches  distant,  whence  it  requires  a  considerable  time  to  force 
its  way  to  tho  point  where  it  makes  its  appearance.  There  can 
be  no  doubt  that,  from  the  manner  in  which  boilers  are  usually 
put  together,  the  internal  pn  ssuro  is  not  equally  resisted  by 
all  parts  of  the  shell,  and  produces  au  undue  and  often  wry 
severe  strain  on  ono  plate  or  portion  of  a  plate.  This  is 
probably  the  cause  of  many  leakages  that  occur,  and  which  only 
* 4  take  up M  after  the  plate  becomes  stretched  and  relieved  of 
the  extra  strain,  and  it  is  therefore  advisable  in  U  sting,  to 
allow  the  pressure  to  act  long  enough  to  stretch  such  weak 
portions. 

As  to  whether  a  boiler  is  strained  most  severely  by  steam  or 
by  hydraulic  pressure,  this  will  be  found  to  resolve  itself  almost 
entirely  into  a  question  of  construction. 

A  boiler  under  steam  is  often  strained,  especially  iu  a  longi- 
tudinal direction,  more  by  the  greater  dilation  of  the  tubes 
compared  with  the  shell,  or  by  the  unequal  expansion  of  the  top 
and  bottom  of  tho  shell  than  by  the  actual  fluid  pressure.  In 
fact,  it  would  not  be  difficult  to  design  a  boiler  that  would 
explode  violently  with  30  or  40  lbs.  of  steam  pressure,  and 
which  would  not  be  unduly  strained  by  200  or  300  lbs.  of 
water  pressure.  The  persistent  leakage  at  the  shell  riug  seams, 
along  the  bottom  of  horizontal  internally  fired  boilers  without 
external  flues,  is  usually  ascribed  to  the  difference  in  temperature 
of  the  water  and  steam  at  the  bottom  and  top  of  the  boiler,  but 
in  some  cases  the  leakage  is  principally  caused  by  the  longitu- 
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dinal  straining  of  the  bottom  of  the  shell,  due  to  the  greater 
expansion  of  the  tubes,  especially  when  the  firing  is  forced  in 
getting  up  steam  after  the  boiler  has  been  at  rest.  As  this 
straining  would,  not  take  place  in  testing  the  boiler  by  hydraulic 
pressure  in  the  usual  manner,  this  leakage  would  not  be  pro- 
duced. It  follows  from  the  above  considerations,  that  a 
hydraulic  test  might  fail  to  indicate  weakness  which  would  be 
produced  and  made  apparent  by  steam  pressure. 

It  is  often  much  more  difficult  to  keep  a  boiler  perfectly 
tight,  and  free  from  oozing  at  the  rivets,  plate  edges,  stays,  and 
tube  ends  under  a  very  high  water  pressure  than  under  an 
equal  pressure  of  steam.  This  is  probably  owing  to  the  fact, 
that  the  high  temperature  in  the  latter  case  tends  to  close  the 
joints,  and  with  certain  kinds  of  water  any  slight  oozing  is 
found  to  take  up  by  the  opening  becoming  closed  with  deposit  or 
corrosion,  which  is  induced  by  the  high  temperature. 

It  is  sometimes  urged,  that  the  severe  percussive  or  dynamic 
force  produced  by  the  sudden  raising  of  steam  by  hard  firing, 
or  by  suddenly  opening  and  shutting  the  valves  and  cocks, 
strains  a  boiler  more  than  the  dead  static  pressure  which  is 
supposed  to  be  exerted  in  employing  the  hydraulic  test.  But 
instead  of  the  hydraulic  test  being  a  mere  dead  pressure,  the 
rapid  working  of  the  pump  often  produces  a  severer  sudden 
strain  than  can  well  be  produced  when  there  is  an  elastic 
cushion  of  steam  in  the  boiler,  and  when  the  pump  is  carelessly 
used  the  inelastic  property  of  the  water  may  render  the  water 
test  unduly  severe.  In  order  to  obviate  any  severe  shocks  in 
using  the  pump,  the  connection  between  it  and  the  boiler 
should  be  made  of  a  very  small  area. 

In  supplying  the  boiler  with  water  for  testing,  some  engineers 
always  stop  the  outlets  from  the  boiler  before  it  is  quite  full, 
and  so  retain  a  quantity  of  air  to  act  as  a  cushion  wrhen  the 
pressure  is  applied  by  the  pump. 

Although  the  system  of  testing  boilers  by  hydraulic  pressure 
to  a  point  considerably  above  their  working  pressure  has  many 
opponents,  its  value  is  attested  by  the  numerous  legislative 
enactments  in  force  for  its  employment  abroad.  In  most 
countries  the  law  is  more  lenient  towards  old  than  new  boilers, 
and  is  not  so  severe  with  multitubular  as  with  other  boilers,  so 
far  as  the  degree  of  pressure  to  be  applied  is  concerned. 
The  reasons  for  this  have  been  indicated  in  the  last  chapter  ; 
it  may,  however,  be  further  remarked  that  in  the  case  of  an 
old  boiler  of  whose  condition  there  may  be  some  suspicion,  the 
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hydraulic  test  should  not  bo  applied  until  its  form  and  tho 
strength  of  plates,  as  measured  by  tho  thickness,  have  been 
ascertained  by  inspection,  where  this  is  possible,  in  order  t<j 
guard  against  overstraining.  But  when  this  is  impracticable) 
as  in  many  multitubular  boilers,  one  and  a  half  timet  would 
bo  safer  than  twice  tho  working  pressure  for  tho  limit  of  the 
tost. 

A  boiler  that  has  been  at  work  for  some  time,  and  has  thus, 
in  a  manner,  proved  its  capability  of  bearing  a  given  pressure, 
may  be  considered  safe  if  it  will  stand  a  test  of  one  and  a 
half  times  its  working  load  ;  even  if  it  has  been  overstrained  by 
tho  test,  it  may  still  bo  considered  safe  fur  a  limited  time. 
The  effects  of  overstraining  would  probably  be  detected  on  a 
repetition  of  the  test,  after  the  boiler  had  been  working  some 
time,  aud  this  appears  to  be  an  argument  in  favour  of  perio- 
dical testing,  especially  when  a  reliable  inspection  cm  not  be 
made. 

Tho  inspection  of  boilers  should  commence  at  tho  world 
where  tho  plates  are  manufactured,  where  alono  many  circum- 
stances counectod  with  their  quality  can  be  ascertained. 

Many  now  boilers  proved  tight  and  sound  on  testing  at  the 
makers',  have  been  damaged  in  their  subsequent  lifting  and 
transit,  and  still  more  have  been  seriously  damaged  by  getting 
up  steam  too  hurriedly  tho  first  time  for  regnlar  w.»rk. 


CHAPTER  XII. 


BOILER  EXPLOSIONS. 

Safety  or  freedom  from  liability  to  explode  is  the  first  con- 
dition to  be  sought  in  using  a  steam  boiler.  That  this  con- 
dition is  far  from  being  universally  attained,  is  but  too  well 
proved  by  the  frequent  occurrence  of  disastrous  explosions. 

It  was  formerly  the  rule  which,  unfortunately,  still  to  some 
extent  prevails,  to  attribute  explosions  to  occult  causes.  Such 
phenomena  as  electricity,  generation  of  explosive  gases  within 
the  boiler  from  the  decomposition  of  steam,  the  instantaneous 
flashing  of  a  large  body  of  water  into  steam,  accounted  for  by 
the  spheroidal  theory  or  from  the  superheating  of  water  purged 
of  air,  great  deterioration  in  the  quality  of  the  plates  from 
chemical  changes,  and  mysterious  overheating  and  superheating 
have  been  from  time  to  time  urged  as  causes  of  boiler  explo- 
sions, and  usually  with  a  confidence  and  persistence  in  the 
inverse  proportion  to  the  fitness  which  would  qualify  their 
propounders  to  speak  of  them.  Unwillingness  to  know  the 
true  cause  of  an  explosion  on  the  part  of  those  interested,  as 
well  as  inability  of  others  to  scrutinise  the  facts  of  the  case, 
have,  no  doubt,  been  the  means  of  perpetuating  much  of  the 
speculative  nonsense  that  has  been  promulgated  on  this  subject. 

In  this  country  it  has  been  mainly  through  the  researches 
and  efforts  of  Sir  W.  Fairbairn,  the  engineers  of  the  Man- 
chester Steam  Users'  Association,  and  more  recently  the  engi- 
neers of  the  Boiler  Insurance  Companies,  that  explosions  have 
been  stripped  of  the  mystery  in  which  they  were  shrouded,  and 
have  been  ascribed  to  their  true  cause.  As  a  rule,  steam  boilers 
explode  from  one  cause  alone — overpressure  of  steam.  The 
term  overpressure  is  here  used  not  relatively  to  the  working  or 
blowing-off  pressure,  but  to  the  strength  of  the  boiler.  It 
often  happens  that  boilers  are  too  weak  for  the  pressure  they 
are  worked  at,  and  no  accumulation  of  pressure  beyond  this 
is  requisite  to  bring  about  their  destruction.    The  circumstance 
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pf  a  boiler  being  unfit  to  boar  its  working  pressure  may 
bo  duo — 1,  to  its  original  design  and  power  of  resistance  not 
being  understood  by  those  who  fix  the  pressure  it  works 
at,  a  common  occurrence,  arising  from  ignorance  ;  2,  to  the 
htreugth,  although  originally  sufficient  to  bear  the  working 
pressure,  having  been  gradually  reduced  by  wear  and  tear, 
in  which  case  the  error  is  duo  to  negligence ;  3,  to  the 
strength  of  the  structure  becoming  suddenly  overtaxed  and 
diminished,  as  by  sudden  unequal  contraction,  eaused  by  unfore- 
seen circumstances  or  neglect,  when  its  escaping  detection  until 
too  late  may  bo  due  to  negligence,  or,  perhaps,  in  extremely 
rare  cases,  to  those  nondescript  causes  that  swell  the  chapter 
of  accidents,  from  which  the  carrying  on  of  human  affairs  appears 
to  bo  inseparable  ;  4,  to  defects  in  workmanship  or  material, 
whoso  presence,  in  the  great  majority  of  cases,  can  be  detected 
by  propor  inspection  and  testing,  but  which  may  happen  in 
rare  cases  to  escape  the  closest  scrutiny,  and  must  be  placed  in 
the  list  of  humiliating  ciicumstances  which  remind  us  of  our 
fallibility. 

If  wo  examine  these  heads  more  closely,  wo  shall  find— 
1,  that  ignorauce  of  the  principles  of  construction  is  exhi- 
bited in  allowing  large  flat  surfaces  to  exist  without  staying, 
or  in  wrongly  applying  intended  means  to  strengthen  them. 
Cases  are  met  with  of  Cornish  and  Lancashire  boilers  converted 
into  plain  flat-ended  cylindrical  boilers,  where  the  neglect  to 
provide  for  the  loss  of  strength  duo  to  the  removal  of  the 
through  tubes  can  only  end  in  disaster.  In  some  descriptions 
of  internally  tired  and  furnace  boilers,  the  Hue  tubes,  instead  of 
passing  from  end  to  end  are  taken  through  the  shell  side,  or  aro 
made  of  a  horseshoe  shape.  Their  efliciency  as  longitudinal 
stays  is  thus  done  away  with,  and  when  no  other  stays  or 
means  of  imparting  strength  are  substituted — by  no  means  a 
rare  occurrence — explosion  is  likely  to  follow. 

The  following  aro  examples  of  ignorance  of  design  that  have 
led  to  explosion  : — Application  of  inefficient  diagonal  stay  bars  ; 
stay  bars  attached  diagonally  to  furnace  tubes  ;  longitudinal 
stay  bars  rendered  useless  by  being  bent,  or  arranged  without 
strutting  to  clear  floats,  feed  pipes,  itc.  ;  girder  stays  of  flat- 
topped  fireboxes  and  combustion  chambers  cut  away  in  tho 
middle  to  clear  steam  pipes,  <fcc. ;  absence  of  stay  bolts  in  flat 
fireboxes  where  needed,  or  stays  not  made  sufficiently  strong  ; 
attempting  to  strengthen  flat  end  plates  by  stiffening  instead  of 
staying ;  absence  of  encircling  strengthening  rings  or  hoops. 
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round  large  tubes  ;  removing  these  hoops  for  fear  of  leading  to 
overheating  ;  hoops  applied  in  halves  without  having  their  ends 
attached  to  complete  the  circle  ;  angle  iron  hoops  partially  cut 
away  to  clear  obstructions  ;  hoops  applied  to  elliptical  tubes, 
as  though  their  efficiency  were  equal  to  similar  hoops  round 
circular  tubes  ;  application  of  too  numerous  carrying  brackets 
to  the  sides  of  externally  fired  boilers,  so  as  to  interfere  with 
the  freedom  to  expand  and  contract  ;  cutting  away  the  shell- 
plates  for  manholes,  domes,  and  other  mountings,  without 
making  adequate  provision  for  the  loss  of  strength  involved  ; 
rigidly  attaching  boilers  to  seats  or  frames,  as  in  locomotives  ; 
omitting  to  stay  oval  or  large  circular  combustion  chambers  to 
shell  sides  ;  omitting  to  provide  large  weak  boiler  shells  with 
valves  opening  inwardly  ;  omitting  to  allow  for  spring  in  the 
end  plates  for  the  expansion  of  the  through  tubes  in  long 
vertical  boilers  ;  omitting  to  provide  against  collapse  of  the 
closed  crowns  of  the  flue  tubes  in  some  kinds  of  vertical  furnace 
boilers  ;  omitting  to  tie  or  stay  the  weak  flat  bottoms  or  tops, 
as  the  case  may  be,  or  vertical  furnace  boilers  ;  omitting  to  tie 
the  sides  of  some  descriptions  of  dry  bottom  furnace  and 
Butterly  boilers. 

2.  The  defects  that  arise  gradually  from  wear  and  tear,  such 
as  wasting  by  corrosion  and  grooving,  and  which  are  likely 
to  seriously  impair  the  strength  of  the  boiler,  have  already 
been  discussed  under  "Wear  and  Tear." 

3.  The  strength  of  the  structure,  originally  sufficient  for  the 
pressure,  can  only  become  suddenly  reduced  to  a  dangerous 
degree  by  overheating,  or  overstraining  through  too  sudden 
cooling  or  excessive  expansion  of  flue  tubes.  Overheating  may 
be  caused  by  shortness  of  water  ;  by  accumulation  of  deposit 
or  foreign  matter  on  the  furnace  or  flue  plates  and  tubes  ;  by 
defective  circulation  ;  by  the  metal  being  too  thick  near  the 
fire,  or  by  the  heat  being  very  intense  and  concentrated,  when 
even  thin  plates  with  moderately  pure  water  are  liable  to  dete- 
riorate ;  by  the  accumulation  of  air  and  steam  in  the  upper 
parts  of  the  tubes  or  cells  of  "tubulous"  and  "unit"  boilers, 
from  which  it  cannot  escape,  in  which  case  the  design  of  the 
boiler  is  at  fault. 

Shortness  of  water  may  be  due  to  leakage  of  joints,  valves, 
or  mountings  below  the  water  line,  or  by  taps  or  valves  being 
carelessly  left  open.  It  may  also  be  due  to  excessive  priming, 
or,  in  vertical  boilers  containing  little  water,  to  a  sudden  and 
excessive  demand  for  steam.    It  is  sometimes  caused  by  failure 
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in  tho  feed  supply,  either  through  shoer  neglect  to  turn  on  the 
feed  In  suiliciont  quantity,  or  through  some  accidental  or  wilful 
stoppage,  breakage,  or  detachment  of  pipe.  The  back  pressure 
valve  sticking  or  becoming  inoperative,  or  absence  of  any  back 
pressure  feed  valve,  when  the  water  may  bo  forced  back  through 
tho  feed  apparatus,  or  syphoned  out  from  one  boiler  into 
another,  has  often  led  to  shortness  of  water.  It  may  also  b»? 
indirectly  due  to  the  water  gauges,  floats,  Arc.,  being  allowed  to 
get  into  such  bad  condition  as  to  be  unreliable,  an  I  lead  to  a 
false  reading  of  the  water  level. 

Accumulation  of  deposit  is  usually  produced  by  bad  feed 
water.  It  may  take  the  form  of  solid  hard  incrustation,  or  of 
a  thick  adhesive  paste,  lying  only  in  certain  parts.  The  accu- 
mulation may  also  act  only  in  thickening  tho  water,  which  is, 
however,  usually  tho  most  dangerous  form,  as  its  presence  is 
then  least  suspected.  Foreigu  matters  of  various  kinds  are 
often  added  intoutionally  to  remove  incrustation,  and  arc 
sometimes  inadvertently  left  within  the  boiler  after  repairs  or 
cleaning.  Tho  accumulation  is  promoted  by  making  the  boiler 
inaccessiblo  for  its  removal,  and  by  defective  circulation. 

Defective  circulation  may  bo  due  to  the  design  of  the  boiler, 
from  its  having  too  cramped  water  spaces,  which  defect  In  comes 
aggravated  by  accumulation  of  incrustation  ;  from  water  tubes 
being  placed  horizontally  or  with  insuflicient  inclination  ;  from 
tho  convoction  being  impeded  by  overcrowding  of  tubes,  or 
placing  them  too  closo  over  furnaco  crowns,  and  from  having 
too  largo  a  body  of  dead  water  lying  below  tho  heating  surface. 

Too  great  a  thickness  may  bo  due  to  tho  use  of  excessively 
thick  plates;  to  making  tho  amount  of  lap  excessive  ;  to  bad 
irrangement  of  furnace  strengthening  hoops,  to  careless  patch- 
ing, and  to  the  injudicious  application  of  stays  and  top  hamper 
on  flat  firebox  and  combustion  chamber  crowns. 

The  heat  may  be  too  intense  and  concentrated,  like  a  blow- 
pipe flame,  as  with  some  arrangements  of  furnaco  boilers,  where 
the  furnaco  throat  is  short,  and  the  hot  gases  are  delivered 
right  on  to  a  plate  of  the  shell  or  tube,  which  may  be  thereby 
gradually  distressed  and  weakened,  or  rapidly  burnt  by  the 
heat  driviug  the  water  off  the  surface.  The  upper  portions  of 
horizontal  or  inclined  water  tubes  being  tilled  with  steam,  are 
liable  to  become  overheated  and  destroyed,  either  slowly  or  rapidly, 
according  to  the  intensity  of  the  heat  they  are  exposed  to. 

The  portions  of  flue  tubes  passing  through  the  steam  space  of 
vertical  boilers,  both  large  and  small,  especially  when  the  area 
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of  firegrate  is  largo  in  proportion  to  the  heating  surface,  are 
liable  to  overheating  and  collapse.  This  renders  the  working 
of  small  vertical  internally  fired  boilers  with  chimney  flues  un- 
safe when  an  unusual  demand  for  steam  arises,  since  the  forcing 
of  the  fires  is  liable  to  raise  the  temperature  of  the  flue  plates 
to  a  dangerous  degree.  Small  boilers  of  this  class  are  almost 
invariably  employed  where  weight  and  space  are  limited,  but 
they  should  only  be  used  for  easy  and  regular  work. 

Cases  of  overstraining  through  sudden  cooling  and  excessive 
expansion,  have  already  been  considered  in  the  chapter  on 
"  Wear  and  Tear."  It  is  obvious  that  overheating  from  accu- 
mulation of  deposit  is  most  likely  to  occur  in  plain  cylindrical 
externally  fired  boilers,  as  the  deposit  falling  from  the  sides  is 
apt  to  become  thick  on  the  bottom  plates  exposed  to  the  flame, 
or  even  over  the  fire.  The  same  result  may  happen,  however, 
when  internally  fired  tubular  boilers  are  very  short  in  propor- 
tion to  the  size  of  firegrate,  since  the  gases  may  be  still 
intensely  heated  before  passing  underneath  the  boiler  bottom. 
In  fact,  such  a  boiler  is  exposed  to  some  of  the  same  risks  as  an 
externally  fired  boiler. 

4.  Defects  of  workmanship  and  material  are  most  liable  to 
escape  detection  in  small  vertical  boilers  and  in  multitubular 
boilers  of  the  locomotive  and  other  types  where  the  inside 
cannot  be  examined  unless  the  tubes  are  removed  or  the  boilers 
are  partially  taken  to  pieces.  The  defects  in  workmanship 
usually  found  are  carelessly  punched  and  fractured  rivet  holes, 
burnt  or  broken  rivets,  plates  damaged  by  burning,  or  fracture 
in  flanging,  dishing,  bending,  welding,  hammering,  and  punch- 
ing, in  the  boiler  yard  or  during  repairs  ;  defective  welding  of 
plates  and  stays,  fractures  in  the  ends  of  brass  and  small  iron 
tubes,  and  carelessly-secured  stays.  Old  plates  are  frequently 
reriously  damaged  by  patching  them  with  new  plates,  in  the 
process  of  removing  the  rivets,  in  putting  on  the  new  patch, 
and  also  by  the  greater  expansion  and  contraction  of  the  new 
plate,  when  the  boiler  is  at  work,  especially  when  it  is  over 
the  fire. 

Defects  of  material,  such  as  blisters,  lamination,  and  those 
arising  out  of  the  insufficiency  in  size  of  the  slab  from  which  the 
plate  is  cut  and  adhesion  of  sand  or  cinder  in  rolling  can  some- 
times, but  not  always,  be  detected  by  inspection.  Brittleness 
of  material,  unless  it  be  glaringly  bad,  can  seldom  be  dis- 
covered by  ordinary  inspection  after  the  construction  of  the 
boiler  is  completed. 
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Boilors  of  the  full  calculated  strength  arc  often  exploded  by 
nn  accumulation  of  steam  pressure  beyond  that  assigned  to 
them. 

The  overpressure  may  bo  duo  to  the  total  absence,  or  in- 
adequate size  or  lift,  of  safety  valves  or  self-acting  means  of 
escape  for  tho  steam  or  to  the  communication  between  the 
safety  valve  and  boiler  being  shut  off  by  somo  valvo  or  other 
means.  Such  an  accident  may  occur  when  the  safety  valve  is 
injudiciously  placed  on  the  steam  pipe,  beyond  the  steam  shut- 
ofl*  valve.  When  the  safety  valve  forms  one  of  a  cluster  of 
mountings  on  one  pipe  or  branch  from  the  boiler,  it  is 
a  common  practice  during  cleaning  and  repairs  to  plug  up 
the  aperture  of  the  pipe  from  tho  inside,  to  prevent  the  diip- 
ping  of  water  on  those  engaged  inside  tho  boiler.  Now,  the 
risk  there  is  of  neglecting  to  remove  tho  plug,  and  so  endanger- 
ing tho  safety  of  the  boiler  should  never  bo  incurred.  Tho 
safety  valve  should,  therefore,  bo  always  applied  as  an  indepen- 
dent mounting. 

Overpressure  may  arise  from  the  safety  valvo  being  recklessly 
overweighted,  by  increasing  tho  length  of  tho  lever,  or  tho 
amount  of  the  weight  on  tho  lever  in  valves  of  this  construc- 
tion. It  may  be  caused  by  screwing  down,  tying  <»r  wedging 
fast  the  lever  or  dead  weight  ;  by  tho  sticking  fa.st  of  tho 
lever,  valve,  or  spindles  in  connection,  and  by  tho  escape  pipe, 
when  there  is  one,  becoming  plugged  up  by  the  water  freezing 
or  other  accident. 

Safety  valves  of  the  ordinary  lever  construction  oiler  tho 
greatest  facilities  for  overweighting,  which  is  sometimes  reported 
to  when  the  valve  is  not  tight  at  the  working  pressure,  through 
faulty  design,  or  for  want  of  ro-grinding  or  proper  attention. 

Overweighting  is  also  resorted  to  in  order  to  make  tho  blow- 
ing-off  pressure  agree  with  the  telling  of  a  defective  pressure 
gauge,  or  from  sheer  laziness  on  tho  part  of  tho  firemen  when 
the  wish  is  to  save  trouble  in  attending  to  the  boiler.  The 
facilities  and  temptations  for  overloading  may  be  diminished  by 
cutting  tho  lever  to  the  shortest  length  admissible,  or  when 
spring  balances  are  used,  by  preventing  the  possibility  of  screw- 
ing down  beyond  a  certain  point  by  the  application  of  ferules 
or  other  means.  By  placing  the  safety  valves  in  a  conspicuous 
and  open  position,  so  that  the  addition  of  irregular  weights 
may  be  at  once  detected  and  the  wedging  or  tying  down  ren- 
dered difficult,  the  temptation  to  overload  the  valves  is  reduced. 
The  use  of  dead-weight  valves,  of  good  construction,  on 
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stationary  boilers,  renders  overloading  to  a  dangerous  degree 
no  easy  task. 

A  common  practice,  where  little  attention  is  paid  to  boiler 
management,  is  to  wedge  down  the  valve,  by  inserting  a  chisel 
or  other  suitable  article  between  the  lever  and  top  of  the  guide 
through  which  it  passes. 

The  sticking  fast  of  the  valve  may  be  due  to  the  metal  of 
the  lid  and  seat  seizing  or  wedging  tight  together,  by  long 
contact  or  excessive  pressure  ;  to  the  bending  of  the  central 
spindle,  or  wedging  tight  of  feathers  and  guides,  by  expansion, 
or  by  the  thrust  from  the  spindle  or  double  eye  not  acting  per- 
pendicularly on  the  valve  lid,  or  by  this  spindle  under  the 
lever  sticking  fast  in  the  bonnet  or  stuffing  box,  when  the  valve 
is  of  the  closed-in  description.  Sticking  fast  of  the  lever  is 
often  caused  by  the  corrosion  of  the  double  eye  and  pin  at  the 
fulcrum  end.  In  order  to  avoid  this  corrosion  the  double  eye 
and  pin,  and  in  some  cases  the  lever,  are  best  made  of  gun 
metal,  or  worked  on  a  knife  edge,  if  the  condition  can  be  easily 
ascertained  at  any  moment.  It  is  a  mistake  to  use  much 
grease  to  the  safety-valve  lever  joints,  where  there  is  much 
coal  dust  or  dirt,  as  the  grease  rapidly  becomes  converted  into 
a  sticky  mass,  that  clogs  the  action  of  the  lever  instead  of 
aiding  it. 

In  order  to  lessen  the  risk  of  overpressure  from  the  safety 
valve  becoming  inoperative,  every  boiler  should  be  provided 
with  two  safety  valves,  one  of  them  at  least  being  of  the 
external  dead-weight  type,  for  stationary  boilers.  Lock-up 
valves  cannot  be  recommended,  as  they  become  useless  unless 
frequently  eased  off  their  seats. 

Other  circumstances  are  to  be  met  with  besides  gradual  ac- 
cumulation of  steam  pressure,  that  may  possibly  bring  about 
the  destruction  of  a  boiler  strong  enough  to  bear  the  ordinary 
pressure  at  which  the  safety  valves  blow  off.  The  conversion 
of  the  static  pressure  into  a  dynamic  force,  by  suddenly 
opening  or  closing  a  large  steam  valve  or  safety  valve,  may  pro- 
duce a  violent  rush  of  steam  and  water  against  the  part  of  the 
boiler  whence  the  steam  is  drawn.  The  percussion  of  the  water 
and  steam  in  such  cases  has  been  known  to  shake  the  whole 
fabric  of  the  boiler.  When  produced  by  the  sudden  opening 
of  the  steam  junction  valve,  the  percussive  action  has  been 
known  to  lift  the  safety  valve  momentarily  right  off  its  seat, 
although  more  than  six  feet  distant  from  the  point  of  sudden 
efflux. 
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A  few  cases  are  recorded  of  boilers  being  damaged  and 
heating  apparatus  destroyed  by  the  detonation  of  explosive 
mixtures  in  the  flues.  Gases  are  formed  and  accumulated 
under  certain  conditions,  from  the  slow  distillation  of  the  coal 
when  the  damper  is  closod.  On  tho  fire  door  being  suddenly 
opened  the  rush  of  air  mixing  with  the  gas  and  becoming  sud- 
denly ignited  produces  an  explosion.  Harmless  explosions  of 
tliis  kind  on  a  small  scale  are  very  frequent,  and  it  is  difficult 
to  explaiu  how  violent  explosions  are  not  more  frequent  than 
they  are.  Tho  disturbance  of  a  boiler  under  steam  by  such  a 
detonation  might  so  strain  it  as  to  bring  about  an  explosion  at 
the  ordinary  working  pressure.  Cases  have  occurred  of  exter- 
nally fired  boilers,  standing  empty  for  cleaning,  being  seriously 
injured  by  an  explosion  of  gas,  which  has  found  its  way  through 
Bomo  opening  where  the  valves  have  beou  open  or  fittings 
removed.  On  a  lighted  lamp  or  candle  being  applied  to  the 
manhole,  the  mixture  of  gas  and  air  has  exploded  with  a  loud 
report  and  fatal  result. 

Explosions  of  locomotive  boilers  havo  been  brought  about  by 
tho  fracturing  of  the  shell,  caused  by  the  dome  being  carried 
away  in  coming  in  contact  with  tunnels  or  overhead  bridge!, 
or  by  the  shell  being  pierced  by  a  broken  connecting  rod  when 
running. 

Several  cases  have  occurred  of  tho  so-called  simultaneous 
explosion  of  two  or  more  boilers  working  side  by  side.  This  is 
usually  brought  about  by  the  explosion  of  a  single  boiler  in 
the  first  instance,  from  being  too  weak  to  bear  the  steam  \  ret- 
sure,  when  the  projected  portions  coming  in  -violent  contact 
"with  the  other  boilers  under  steam,  and  producing  rupture, 
^iiuse  their  explosion. 

When  a  boiler  gives  way  from  overpressure  or  sudden  con- 
traction, a  rent  may  be  formed  or  a  piece  of  plate  blown  out. 
The  former  is  the  most  usual  manner  of  yielding  ;  but  in  both 
cases  it  will  depend  upon  the  strength,  nature,  and  arrangement 
of  the  material  bounding  the  initial  fracture  as  well  as  its 
position,  and  also  upon  the  pressure,  temperature,  and  amount 
of  water  and  steam  in  the  boiler,  whether  the  contents  will 
gradually  escape  through  the  opening  already  made,  or  whether 
in  their  violent  rush  they  will  increase  the  extent  of  opening, 
and  make  it  easy  for  the  steam  behind  to  tear  the  boiler  into 
several  pieces,  and  cause  a  violent  explosion. 

Now  to  make  this  more  clear,  we  shall  first  consider  the  in- 
fluence of  the  position  of  fracture.    Many  cases  have  occurred 
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of  manhole  lids  on  the  crowns  of  horizontal  boilers  being  blown 
aloft,  either  from  defect  of  fastening  down  or  defect  of  material. 
When  the  manhole  is  properly  fortified  with  a  mouthpiece  or 
ring  the  cover  is  projected  aloft,  the  contents  gradually  escape 
through  the  hole  and  the  boiler  is  left  on  its  seat  (if  this  be 
sufficiently  strong  to  withstand  the  recoil),  and  probably  no 
further  damage  is  done,  except  to  the  boiler-house  roof. 
Should,  however,  the  same  accident  happen  to  a  manhole  cover 
underneath  the  boiler,  placed  near  the  ground,  the  effect  will 
be  very  different,  and  it  will  depend  upon  the  weight  of  the 
boiler  and  water  contained,  size  of  manhole,  pressure  of  steam, 
and  distance  of  aperture  from  the  ground,  whether  the  boiler 
and  its  contents  will  be  merely  raised  a  little  from  its  seat, 
or  whether  it  will  be  shot  aloft  like  a  rocket  by  the  unbalanced 
pressure  on  the  discharge  of  steam.  If  the  manhole  were  in 
the  side  of  a  vertical  boiler,  and  near  the  top,  the  blowing  off 
of  the  lid  into  an  open  space  in  front  would  probably  topple 
over  the  boiler  if  it  were  not  well  supported. 

Again,  if  the  manhole  in  our  first  case  were  without  any 
provision  for  strengthening  the  plate  surrounding  it,  and  if  the 
edges  of  the  plate  were  reduced  in  strength  by  fractures  or 
corrosion  and  wear,  the  rush  of  steam  and  water,  on  the  lid 
blowing  off,  would  probably  start  a  rent  in  the  shell,  which  a 
high  j)ressure  within  the  boiler  would  continue  along  the  lines 
of  least  resistance,  and  the  result  would  be  a  violent  explosion, 
the  severed  plates  being  carried  in  different  directions. 

The  remarks  respecting  the  blowing  away  of  the  manhole 
cover  apply  also  to  the  case  of  a  piece  of  plate  being  blown 
out, 

It  is  easy  to  conceive  how  an  incipient  rent  in  a  plate  may 
be  carried  on  by  the  same  pressure  that  would  be  insufficient  to 
commence  the  rent,  when  we  remember  how  easily  a  piece  of 
stout  paper  or  cloth  is  torn  through  when  a  rent  is  made,  ever 
so  slightly,  either  at  the  edge  or  in  the  body  of  the  material, 
or  how  easily  a  stick  or  cane  is  torn  in  two  when  a  nick  is 
made  in  the  end.  In  all  such  cases  the  apparent  weakness  of 
the  material  at  the  initial  fracture  is  due  to  the  unequal  man- 
ner in  which  the  divellent  strain  is  distributed  over  the  fibres 
of  the  material  when  the  rent  is  once  begun. 

When  the  boiler  plates  are  brittle,  the  vibration  caused  by  a 
sudden  jar,  such  as  is  produced  by  a  sudden  rush  of  water  and 
steam,  may  also  have  effect  in  continuing  a  fracture  once  begun 
in  a  manner  similar  to  that  which  causes  glass  and  other  brittle 
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materials  to  break  up  bo  rapidly,  once  they  aro  slightly 
fractured. 

When  one  or  more  portions  of  a  boiler  have  been  separated 
from  the  rest,  and  have  been  lifted  and  set  in  motion  by  the 
pressure,  it  is  easy  to  conceive  how  the  quantity  of  steam 
behind  given  off  from  a  largo  body  of  water  at  a  high  tempeia- 
turo  can  propel  them  to  a  great  distance.  The  manner  in 
which  largo  masses  of  plate  aro  completely  flattened  out  shows 
that  the  disruptive  force  has  been  exerted  in  all  directions,  and 
not  merely  in  one  lino  to  which  the  first  rush  of  steam  and 
water  has  taken  place,  as  has  been  assumed  by  some  writers  on 
this  subject. 

If  a  cylindrical  shell  plate  gives  way  by  rending  through  a 
line  of  rivet  holes,  or  along  a  lino  of  grooving  or  external 
corrosion,  it  will  greatly  depend  upon  its  mode  of  connection 
with  the  adjoining  belts  of  plates  whether  the  rent  will  extend 
further  than  one  plate.  In  the  first  place,  if  the  rent  should 
occur  at  a  lougitudinal  seam,  either  through  the  rivet  holes 
or  at  the  edge  of  the  overlapping  plate,  in  a  boiler  where 
the  riveting  extends  in  a  continuous  lino  from  end  to  end,  it 
will  probably  pass  right  along  through  several  plates,  although 
they  may  be  strong  compared  with  the  plate  where  the  fracture 
commenced.  Should,  however,  the  weak  lino  stop  short  ;it  the 
edges  of  the  plate,  as  when  the  longitudinal  seams  break  joint, 
on  giving  way,  the  pressure  tending  to  flatten  the  plate  out  will 
cause  the  rupture  to  pass  through  a  line  of  transverse  rivet 
holes  or  tear  off  the  rivet  heads,  if  the  ruptured  plate  bo  out- 
side the  other  plates  at  the  ring  seam  ;  but  should  the  overlap 
of  the  fractured  plate  be  inside  the  other  plate,  the  flattening 
out  will  be  resisted,  and  the  longitudinal  fracture  will  probably 
extend  to  the  next  plate,  still  retaining  a  longitudinal  direction 
or  striking  off  in  a  diagonal  direction,  according  to  the  position 
of  the  line  of  least  resistance,  which  will  be  varied  with  the 
mauner  in  which  the  plate  opens  out. 

Referring  to  the  first  of  the  two  cases  just  considered,  such 
a  plate  opening  out  near  the  crown  of  a  horizontal  boiler,  or 
in  any  part  of  a  locomotive  or  vertical  boiler  where  the  steam 
and  water  have  plenty  of  room  to  escape,  will  probably  only 
cause  damage  by  the  issuing  contents,  the  rest  of  the  boiler 
remaining  undisturbed.  But  if  the  rent  occur  where  the 
escaping  steam  and  water  come  in  immediate  contact  with  a 
heavy  inert  mass,  as,  when  the  plates  rend  iuside  a  flue  the 
probable  consequence  will  be  that  the  confined  steam  will  pro- 
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long  the  transverse  fractures,  until  the  boiler  is  separated  into 
two  or  more  pieces,  and  project,  one  or  all,  to  some  distance. 

Transverse  seam  rips,  which  occur  most  frequently  in  exter- 
nally fire  boilers,  have  already  been  treated  of  under  the  head 
of  "  Wear  and  Tear."  When  these  rents  occur  on  the  bottom, 
during  the  working  of  the  boiler,  and  the  weight  of  the  shell 
and  its  contents  is  very  great,  the  recoil  frequently  raises  one 
end,  when  the  boiler  separates,  and  the  lightest  or  freest  por- 
tion is  projected  endways  to  a  distance. 

The  absence  of  longitudinal  stays  or  ties  in  most  externally 
fired  boilers  increases  the  facility  of  the  ends  to  take  leave  of 
each  other  when  once  the  shell  is  divided.  Should  the  weight 
of  the  boiler  and  contents  be  small  compared  with  the  pres- 
sure, the  recoil  will  probably  project  the  whole  boiler  aloft, 
when  the  expansion  of  the  steam  will  further  separate  it,  and 
the  pieces  will  fall  in  different  places. 

If  the  seam  rip  be  confined  to  a  short  length,  the  pressure 
may  be  gradually  released,  without  lifting  the  boiler  from  its 
seat  at  all. 

These  seam  rips  on  the  bottom  are  sometimes  caused  by  the 
sudden  contraction  of  the  plates  on  filling  the  boiler  with  cold 
water  whilst  the  bottom  is  still  hot  after  emptying.  When  not 
detected  before  the  boiler  is  set  to  work  again,  the  rent  may  be 
gently  enlarged,  as  the  pressure  rises,  and  allow  the  contents 
to  escape  gradually,  without  lifting  the  boiler.  Cases  have 
occurred  where  these  seam  rips,  produced  by  too  sudden  cool- 
ing, have  been  of  such  a  size  as  to  allow  the  wrater  to  escape 
from  the  boiler  as  quickly  as  it  entered,  on  attempting  to  refill. 

When  a  horizontal  flue  tube  collapses  entirely,  without 
fracturing  to  any  great  extent,  the  pressure  is  usually  relieved 
by  the  steam  escaping  through  the  started  seams  and  small 
fractures.  If  such  a  collapse  be  sudden,  there  may  be  a  severe 
concussion  of  the  air,  but  no  violent  explosion,  the  boiler  shell 
remaining  unmoved.  But  should  the  tube  fracture  considerably 
without  parting  in  two  as  it  collapses,  the  effects  may  be  very 
serious,  from  the  rush  of  hot  water  and  steam.  When  the 
rush  is  towards  the  confined  back  end  the  boiler  may  be  pro- 
jected forward  by  the  recoil ;  and,  on  the  other  hand,  if  the 
contents  escape  most  readily  from  the  front  end,  the  boiler  may 
not  be  moved  from  its  seat,  but  the  rush  of  hot  water  will  be 
liable  to  cause  all  the  disasters  of  an  expbsion,  especially  when 
the  boiler  is  in  a  confined  situation.  If  the  tube  on  collapsing 
be  broken  in  two,  and  its  efficacy  as  a  longitudinal  stay 
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be  destroyed,  one  or  both  ends  of  the  boiler  may  be  blown 
out  along  with  tho  tubo  and  part  of  the  shell  attached,  or 
broken  off,  where  tho  ends  aro  not  well  stayed  to  shell. 

In  locomotivo  boilers  a  collapse  of  the  firebox  top  plate  or 
yielding  of  the  crown  plate  in  furnace  tube  vertical  boilers, 
and  fracture  round  tho  furnace  bottom  plate,  by  which  the  con- 
nection with  shell  becomes  severed,  are  liable  to  lead  to  violent 
explosion,  as  tho  reaction  consequent  upon  tho  downward  rush 
of  tho  contents  will  carry  tho  boiler  aloft. 

In  investigating  tho  causo  of  a  complicated  explosion,  the 
relative  weights,  positions,  shapes  of  tho  scattered  pieces,  and 
the  direction  taken  by  them  must  first  of  all  be  carefully  noted, 
and  their  original  positions  in  the  boiler  bo  assigned  to  tliem, 
along  with  the  positions  of  the  different  mountings,  manner  of 
staying,  and  absence  or  presenco  of  moans  for  strengthening 
doraoholcs,  manhole,  tubes,  combustion  chambers,  Arc.  The 
original  shape  of  the  shell  and  Wge  flue  tulics  should  be  ascer- 
tained as  accurately  as  possible.  Tho  primary  rent  is  then 
to  bo  sought  for.  In  many  cases  tho  direction  taken  by  tho 
heavier  pieces  is  a  guide  to  this,  as  the  fractured  plates,  if 
frco  to  move,  will  shoot  of,  the  light  pieces  along  with  and  jii 
tho  direction  of  tho  first  rush  6£  steam,  aud  tho  heavier  pieces 
in  an  opposite  direction. 

That  this,  however,  is  not  always  the  caso  is  obvious,  as,  fur 
instance,  when  tho  boiler  turns  over  before  separating,  or  where 
the  direction  a  pieco  of  the  shell  would  take,  if  free  to  move, 
is  changed  by  part  of  it  clinging  for  a  time  to  the  larger  mats 
to  which  it  may  bo  attached. 

All  the  edges  of  the  plates  and  angle  irons  along  the  lines  of 
fracture  should  be  carefully  examined,  in  search  of  weak  places, 
such  as  thinness  caused  by  grooving  and  corrosion,  external  and 
internal,  wasting  of  rivet  heads,  defective  rivet  holes,  in- 
sufficient lap,  old  flaws  and  fractures,  patching  and  other  signs 
of  repair,  indications  of  softening  or  deterioration  by  over- 
heating, condition  of  low-water  indicating  apparatus,  safety 
valves  and  pressure  gauges. 

A  close  examination  of  the  shape  of  the  rivet  heads  and  of 
the  shapes  and  sizes  of  the  plates  and  arrangement  of  seams 
throughout  the  boiler  will  usually  lead  to  detection  of  repair; 
when  these  are  not  obvious  at  first  sight.  The  colour  and  nature 
of  the  fractures,  and  whether  they  be  short  or  jagged,  are  the 
only  guides  to  the  length  of  time  they  have  existed,  and  how 
they  have  been  produced. 
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Overheating  from  shortness  of  water  usually  declares  itself 
by  the  bulging  and  buckling  of  the  plates,  by  breaking  off  the 
incrustation  on  one  side,  and  by  producing  a  burnt  appear- 
ance, along  with  removal  of  soot,  &c.,  on  the  other  side,  by 
the  starting  of  the  joints  and  melting  of  fusible  plugs,  and  in 
furnace  tubes  also  by  forming  corrugations  parallel  with  the 
ring  seams.  These  corrugations  are  produced  by  the  excessive 
expansion  of  the  plates  at  the  part  where  they  occur. 

It  is  very  seldom  that  externally  fired  boilers  explode  from 
shortness  of  water,  although  their  bursting  has  often  been 
ascribed  to  this  cause.  In  fact  it  has  long  been  the  fashion, 
whenever  a  boiler  explosion  occurs,  to  endeavour  to  attribute  it 
to  shortness  of  water.  This  is  nothing  more  than  an  easy 
method  of  shifting  the  responsibility  from  the  makers  and 
owners  on  to  the  attendant,  who,  if  not  killed  by  the  explosion, 
in  many  cases  might  just  as  well  be,  so  far  as  his  ability  to 
defend  himself  is  concerned. 

Internally  fired  boilers,  on  the  other  hand,  frequently  do 
explode  from  shortness  of  water. 

One  or  more  of  the  defects  above  indicated  will  in  most  cases 
be  found  to  be  the  cause  of  explosion,  which  may  have  occurred 
at  the  ordinary  working  pressure.  But  if  no  such  defects  can 
be  found,  and  the  calculated  strength  of  the  boiler  be  sufficient 
for  the  alleged  working  or  blowing-ofF  pressure,  the  condition 
of  the  safety  valves,  levers,  weights,  springs,  double-eyes,  pipes 
or  branches,  must  be  still  more  closely  inquired  into,  and  the 
strength  of  the  plates  at  fractures  carefully  tested.  The  alleged 
Mowing-ofF  pressure  must  be  carefully  checked  by  calculating 
the  weight  upon  the  valve,  and  the  accuracy  of  the  pressure 
^uige  as  well  as  its  condition  should  be  ascertained,  and  any- 
thing else  suggested  by  the  nature  of  the  case  that  may  throw 
light  upon  the  manner  in  which  the  overpressure  has  been 
brought  about. 

There  are  still  many  who  maintain  that  the  violence  of  some 
explosions  cannot  be  ascribed  to  gradually  accumulated  over- 
pressure, and  many  theories  have  now  and  again  been  started 
to  account  for  the  tremendous  force  that  is  made  manifest  by 
its  effects. 

In  seeking  to  assign  such  a  phenomenon  as  a  boiler  explosion 
to  any  cause  that  is  known  to  exist  in  nature,  we  must  be  pre- 
pared to  show  :  1,  that  the  cause  can  exist  in  the  case  in  ques- 
tion ;  2,  that  it  is  competent  to  produce  the  results  ascribed  to 
it ;  and  3,  that  no  other  known  cause  can  produce  these  results. 
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Now  if  we  apply  the  above  standards  of  reasoning  to  over- 
prcssuro  of  steam,  we  know  that  it  often  does  exist  and  may  in 
almost  any  case  exist  unawares.  That  it  is  competent  to  pro- 
duce the  violent  results  so  often  exhibited  has  been  proved 
theoretically  and  practically.  It  has  been  demonstrated  by 
Professor  Airy,  that  the  destructive  energy  stored  up  in  1  cubic 
foot  of  water  in  a  boiler  working  at  60  lbs.  pressure,  is  equal 
to  the  destructive  energy  of  1  lb.  of  gunpowder  ;  and  it  has 
been  shown  by  the  experiments  of  the  Franklin  Institute,  that 
gradually  accumulated  steam  pressure  in  ordinary  wrought-iron 
boilers  can  produce  a  violent  explosion.  That  other  causes  can 
produce  similar  results  cannot  be  disputed,  as  vessels  of  coin- 
pressed  air  and  gases  have  sometimes  burst  with  terrific  effect. 
On  examining,  however,  the  usual  effects  of  a  boiler  explosion, 
they  aro  not  what  wo  should  expect  from  a  discharge  of  ex- 
plosive gases,  detonating  compounds,  or  electricity,  which  would 
act  instantaneously  and  shatter  the  plates  receiving  the  full 
force  of  the  discharge  into  small  fragments. 

The  tearing  up  of  a  boiler  on  explosion  although  rapid  is  not 
instantaneous,  and  the  somewhat  gradual  developement  of  the 
force  stored  up  in  the  highly-heated  water  keeps  np  a  con- 
tinuous pressure  behind  the  separating  pieces,  which  is  better 
calculated  to  hurl  them  to  a  great  distance  than  a  force  acting 
instantaneously  and  suddenly  dissipated. 

That  electricity  might  be  developed  in  a  steam  boiler,  and*  r 
certain  conditions,  there  can  be  little  doubt,  but  it  is  difficult 
to  conceive  how  any  large  quantity  can  accumulate  within  a 
boiler  either  in  direct  or  indirect  communication  with  the  earth. 

It  has  long  been  known  that  a  current  of  steam  sometime  a 
exhibits  electrical  conditions.  The  invention  of  the  Armstrong 
hydro-electric  machine,  was  suggested  by  the  circumstance  of  a 
workman  experiencing  a  smart  shock  from  a  jet  of  steam  coming 
in  contact  with  one  hand  whilst  the  other  touched  the  safety 
valve  from  which  the  jet  issued.  Faraday,  who  took  up  tho 
question,  proved  that  the  development  of  electricity  was  solely 
due  to  the  friction  of  the  suspended  humid  particles  against  tho 
sides  of  the  orifice  through  which  the  steam  passed  ;  and  that 
it  was  in  no  manner  due  to  the  change  in  the  state  of  the  water 
in  the  boiler.  He  also  showed  that  the  same  effect  could  b3 
produced  from  the  friction  of  a  current  of  humid  air,  and  that 
electricity  cannot  be  developed  from  a  current  of  dry  steam 
or  air. 

Admitting  that  the  presence  of  electricity  in  an  ordinary 
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boiler  is  not  impossible,  it  yet  remains  to  be  shown  that  it 
conkl  exist  in  a  state  of  high  tension,  and  yet,  again,  how  it 
could  bring  about  an  explosion,  accompanied  by  the  usual  well- 
known  results. 

That  a  small  quantity  of  steam  might  be  decomposed  in  a 
boiler  by  coming  in  contact  with  plates  that  have  accidentally 
become  red  hot  cannot  be  disputed,  but  that  the  decomposition 
could  occur  to  any  considerable  extent  with  oxydised  plates  ia 
well-nigh  impossible.  The  hydrogen  liberated  by  the  decom- 
position is  not  explosive,  and  would  require  to  be  united  and 
intimately  mixed  with  its  equivalent  of  oxygen,  and  then  ig- 
nited to  produce  an  explosion. 

Supposing  the  oxygen  to  be  admitted  with  the  feed  water 
and  that  the  ignition  could  be  effected  by  red-hot  plates  or  an 
electric  spark,  it  still  remains  to  be  shown  how  the  gases  could 
possibly  become  so  intimately  mixed  in  presence  of  the  large 
body  of  steam  and  nitrogen  present  in  the  boiler  as  to  form  a 
detonating  compound.  Again,  assuming  that  nearly  all  the 
steam  could  be  decomposed,  the  hydrogen  would  only  burn 
quietly  in  the  presence  of  oxygen  as  it  becomes  liberated  on  the 
red-hot  surface  of  the  plates  ;  and  in  any  case,  its  power  to 
produce  an  explosion  is  extremely  improbable. 

But  to  take  the  most  extreme  view  of  the  case,  and  assuming 
the  sudden  formation  of  a  vacuum  within  the  boiler  by  the  union 
of  the  two  gases  to  take  place,  it  is  still  by  no  means  clear  how 
the  bursting  of  the  shell  would  follow  in  consequence,  as  the 
vacuum  formed  could  only  be  local  and  insignificant  with  a 
large  quantity  of  steam  and  nitrogen  in  the  boiler. 

With  respect  to  the  superheating  theory,  the  modus  operandi 
is  usually  supposed  to  be  something  like  the  following.  The 
plates  are  allowed  to  become  intensely  heated  by  the  water  level 
falling  too  low  or  from  other  causes,  and  communicate  their 
heat  to  the  steam  in  the  boiler.  On  the  water  being  agitated 
and  carried  aloft  as  spray,  by  the  action  consequent  upon  the 
sudden  opening  of  the  steam  stop  valve,  safety  valve  or  feed 
inlet,  a  large  quantity  of  steam  is  produced  and  the  pressure 
suddenly  raised  above  the  resisting  power  of  the  boiler.  That 
the  steam  might  become  highly  superheated,  and  the  water  in 
a  divided  state  might  be  brought  into  contact  with  it  cannot  be 
disputed.  But  when  we  consider  the  condensation  that  would 
take  place,  and  the  small  total  quantity  of  heat  contained  even 
in  a  large  volume  of  steam,  sufficient  additional  pressure  could 
not  be  produced  to  burst  a  boiler  with  a  reasonable  margin  of 
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strength.  Tli 9  increase  of  pressure  can  be  calculated  as  follows  : 
In  a  boiler  working  at  GO  lbs.  and  having  a  steam  space  of  180 
cubic  feet,  suppose  the  steam  to  bo  raised  in  temperature  or 
superheated  from  307°  to  800°,  the  volume  would  be  increased 
in  tho  ratio  of  1  +  (0-00203  x  275)  \  1  4-  (0*00203  x  70S),  or 
of  1*50  *  2*50.  If  tho  same  steam  pressure  is  maintained  in 
the  boiler  the  weight  of  steam,  which  in  tho  first  instance  was 
31 '5  lb.*,  will  be  reduced  to  about  20  lbs.  This  quantity  of 
dry  steam  will  have  about  18000  units  of  latent  heat,  and  in 
falling  from  800°  to  307°  will  render  20  <  0'480  (800  -307)  = 
4732 '8  units  of  sensible  heat  available  for  raising  steam  sud- 
denly, or  only  an  amount  competent  to  generate  a  quantity  of 
steam  from  water  at  307°,  equal  to  about  one  quarter  of  that 
already  in  the  boiler,  which  would  cause  a  rise  of  pressure  equal 
to  15  lbs.  only.  Tho  pressure  might  also  bo  augmented  at  the 
same  time  by  the  water  coming  in  contact  with  the  red-hut 
plates  :  30  square  feet  of  J#  plates  heated  to  a  temperature  of 
900°  would  givo  450  x  i  14  X  (000  -  307)  30421  units  of 
heat  in  tho  plates  available  for  sudden  evaporation,  or  sufficient 
heat  to  convert  about  34  lbs.  of  water  or  |  cubic  foot  at  b'07° 
iuto  steam.  As  the  180  cubic  feet  of  steam  weighed  31  o  lbs. 
the  pressure  will  bo  increased  by  71  lb*.,  whence  we  have  a 
total  pressure  of  GO  +  15  +  71  =  140  lbs.,  which  certainly  might 
bo  sufficient  to  cause  an  explosion,  if  tho  steam  were  suddenly 
generated,  or  more  rapidly  than  it  could  escape. 

But  tho  conclusion  arrived  at  from  general  experience,  and 
from  experiments  expressly  undertaken  by  Mr.  Fletcher  and 
others  to  solve  this  question,  is  that  a  large  quantity  of  steam 
cannot  be  suddenly  generated  by  throwing  water  on  to  red-hot 
plates.  Severe  overheating  of  boiler  shells  or  furnace  tubes  will 
start  tho  riveted  joints,  and  offer  a  further  means  of  escape  for 
the  steam  as  it  is  formed. 

Explosions  from  overheating  are  more  likely  to  bo  produced 
by  the  softening  and  yielding  of  the  plates  at  the  ordinary  pres- 
sure, or  by  tho  sudden  contraction  of  tho  plates  on  having 
water  thrown  on  to  them,  than  by  any  sudden  augmentation 
of  pressure,  the  production  of  which  is  entirely  hypothetical. 
Beyond  a  certain  quantity,  the  larger  the  body  of  water  thrown 
op  to  a  .given  weight  of  red-hot  plates  the  less  will  be  tho 
amount  of  steam  formed.  It  may  also  be  remarked  that  in 
ordinary  boilers,  where  the  feed  inlet  is  near  the  bottom,  sud- 
denly turning  on  the  feed  water  will  not  scatter  it  over  the  hot 
plates  near  the  working  water  level,  where  overheating  is  most 
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likely  to  occur,  but  tho  water  will  gradually  rise  up  the 
sides. 

The  Leidenfrost  phenomenon,  as  it  is  called,  or  the  tendency 
of  small  quantities  of  water,  when  thrown  on  to  highly  heated 
plates,  to  assume  the  spheroidal  condition,  and  to  evaporate 
suddenly  on  coining  in  contact  with  the  plates  when  the  tempe- 
rature is  lowered,  has  been  often  adduced  as  a  cause  of  explo- 
sion. The  exact  application  of  this  theory  is,  however,  by  no 
means  clear,  and  the  assumed  delay  of  the  water  in  evaporating 
is  antagonistic  to  the  sudden-evaporation-from-overheating 
theory.  It  is  difficult  to  see  how  the  evaporation  by  ebullition 
of  a  large  quantity  of  water  in  an  ordinary  boiler  could  be  long 
delayed,  as  is  assumed  in  this  theory,  without  reducing  the 
temperature  of  the  water  below  that  sufficient  to  produce  an 
explosion. 

Slight  reports  in  the  region  of  the  furnace  have  sometimes 
been  heard  previous  to  the  gradual  bulging  of  the  furnace  plates 
from  overheating  in  boilers  containing  very  greasy  water. 
These  have  been  ascribed  to  the  water  assuming  the  spheroidal 
state,  but  there  is  no  reduction  of  the  temperature  in  such 
cases  to  account  for  the  sudden  evaporation  of  the  supposed 
spheroids.  It  may  be  said  of  this  theory  that  the  conditions  it 
assumes  cannot  be  proved  to  exist  in  an  ordinary  overheated 
boiler,  and  that  we  have  no  means  of  knowing  whether  they 
would  be  competent  to  produce  explosion  if  they  did  exist. 

There  is  reason  to  believe  that  the  tendency  of  greasy  water 
to  cohere  and  resist  ebullition  through  not  touching  the  plates, 
or,  in  other  words,  to  become  spheroidal,  is  more  likely  to  be 
the  cause  than  the  effect  of  the  overheating  of  furnace  plates. 

When  the  air  usually  contained  in  water  has  been  expelled 
oy  boiling,  the  water,  if  kept  perfectly  quiet,  can  be  heated 
from  70°  to  80°  beyond  its  ordinary  boiling  point  without  any 
sign  of  ebullition  ;  but,  on  the  slightest  disturbance  or  agitation 
of  the  water  so  superheated,  a  large  quantity  of  steam  is  sud- 
denly formed.  If  the  pressure  above  is  at  the  same  time 
reduced,  as  by  drawing  off  steam,  the  rush  of  newly  formed 
steam  will  carry  the  water  before  it  with  great  force  against  the 
boiler  crown.  It  is  probably  this  action  that  produces  the 
concussion  sometimes  felt  when  standing  on  a  boiler  whilst  the 
steam  is  suddenly  drawn  off  on  starting  the  engine.  Under 
certain  conditions  the  sudden  generation  of  steam  might  pro- 
duce a  pressure  above  that  at  which  the  safety  valves  are  set  to 
blow  off,  and  this,  together  with  the  force  of  impact  might 
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bring  about  tho  explosion  of  a  very  weak  boiler,  but  not  of  ono 
having  a  proper  margin  of  strength. 

The  practice  of  ascribing  steam-boiler  explosions  to  obscure 
causes  has  been  productive  of  much  mischief,  as  it  engender!  a 
carelessness  on  the  part  of  owners  ami  attendant*,  who  have 
been  led  to  believe  that  no  amount  of  care  will  avail  against  tho 
mysterious  agents  at  work  within  a  boiler. 

Considering  the  too  frequent  want  of  care  and  knowledge  on 
tho  part  of  thoso  having  tho  charge  of  boilers,  and  the  great 
number  of  dangerous  defects  that  are  almost  daily  discovered 
by  trained  inspectors,  tho  mystery  to  bo  solved  is — how  so 
many  boilers  escape  explosion  at  the  ordinary  working  pressure, 
and  not, — what  has  been  tho  cause  of  tho  disaster  when  an 
explosion  does  occur  ? 

Tho  reader  will  find  much  valuable  information  about  tho 
causes  and  prevention  of  boiler  explosions  in  the  monthly 
reports  of  Mr.  L.  E.  Fletcher,  Chief  Engineer  of  the  Man- 
chester Steam  Users'  Association  ;  and  in  the  annual  reports  of 
Mr.  E.  B.  Marten,  Chief  Engineer  Of  the  Midland  Steam  I 'oiler 
Inspection  and  Assurance  Company  ;  of  Mr.  R.  B.  Longridgo, 
of  tho  Boiler  Insuranco  and  Steam  Power  Company  ;  and  of 
Mr.  Hiller,  of  tho  National  Boiler  Insurancj  Company. 
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COMBUSTION  OF  COAL. 

Combustion  is  the  name  given  to  any  rapid  chemical  union 
attended  with  great  heat  and  light.  The  combustion  that 
takes  place  over  our  fire  grates  and  gas  burners,  is  the  chemical 
combination  of  oxygen  with  carbon  and  hydrogen.  The  oxygen 
is  supplied  by  the  air  where  it  is  associated  with  nitrogen,  from 
which  it  readily  separates.  The  carbon  and  hydrogen  are  pre- 
sent in  the  fuel  and  gas,  and  on  being  sufficiently  heated  by 
the  application  of  a  light  or  other  well-known  means,  the 
attraction  between  them  and  the  oxygen  becomes  strong  enough 
to  cause  them  to  combine  with  it.  The  application  of  heat  is 
necessary  to  start  the  process  of  combustion,  which  is  simply 
one  of  rapid  oxidation  ;  but  the  chemical  change  afterwards 
produces  more  than  sufficient  heat  to  carry  it  on.  The  pro- 
duction of  heat  by  combustion  is  usually  ascribed  to  the  impact 
of  the  atoms  of  oxygen  against  those  of  the  other  combustible, 
as  they  clash  together  on  entering  into  chemical  combination. 

The  amount  of  heat  produced  by  the  combustion  of  different 
bodies,  or  their  total  heat  of  combustion,  has  been  approxi- 
mately determined  by  experiment,  and  is  usually  expressed  in 
pounds  of  water  raised  1°  Fahrenheit  (or  conversely,  in  number 
of  degrees  1  lb.  of  water  is  raised)  by  1  lb.  of  substance  com- 
bining with  oxygen.  The  standard  unit  of  heat  in  this  country, 
or  British  thermal  unit,  is  the  quantity  of  heat  that  will  raise 
1  lb.  of  water  1°  Fahrenheit  at  its  greatest  density,  which  is  at  a 
temperature  of  39*1°. 

All  substances  combine  chemically  in  certain  proportions 
^nly,  both  by  weight  and  volume,  which  are  called  their 
chemical  equivalents.  The  equivalents  by  weight  and  volume 
of  the  elements  and  compounds  with  which  we  are  concerned, 
are  given  in  the  annexed  table,  from  which  the  combining  pro- 
portions of  the  combustible  substances  can  be  readily  calculated. 
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The  condensation  of  the  elementary  bodies  by  chemical  com- 
bination is  shown  in  the  fourth  column.  The  elements  in  atmo- 
spheric air  are  not  chemically  combined.  Carbonic  oxide  is  not 
formed  directly  from  the  union  of  the  elements  carbon  and 
oxygen,  but  from  the  union  of  the  compound  carbonic  acid  with 
oxygen. 

The  volume  of  a  given  weight  of  gas  at  any  temperature,  can 
readily  be  ascertained  from  the  sixth  column  as  follows  : — Let 
V  =  volume  at  G2°,  and  V  =  volume  at  any  required  tempera- 


Carbon,  almost  the  only  element  contained  in  good  coke,  ana 
the  principal  element  in  coal,  combines  with  oxygen  to  produce 
two  different  gases,  according  to  the  proportions  in  which  the 
combination  is  effected,  viz.,  carbonic  acid  when  the  combustion 
is  perfect,  and  carbonic  oxide  when  the  combustion  is  incom- 
plete. The  acid  is  composed  of  one  equivalent  by  weight  of 
carbon  (C3  2)  and  two  of  oxygen  (03O),  or  1  lb.  of  carbon  com- 
bines with  2-|  lbs.  of  oxygen  and  forms  3|  lbs.  of  carbonic  acid 
gas.  The  carbon  which  is  solid  in  the  fuel  passes  during 
combustion  into  the  gaseous  state.  The  volume  of  the  carbonic 
acid  gas  is  equal  to  that  of  the  original  2  J  lbs.  of  oxygen, 
and  the  quantity  of  heat  produced  by  the  combination  is 
14,500  units,  as  given  in  the  table  on  page  251.  This  would 
be  the  amount  of  heat  from  the  combustion  of  every  pound 
of  carbon  in  the  furnace,  if  completely  consumed  ;  but,  should 
the  layer  of  incandescent  coke  or  carbon  be  thick  in  proportion 
to  the  quantity  of  air  supplied  through  the  fire  grate,  the 
oxygen  of  the  carbonic  acid  will  recombine  with  another  1  lb. 
of  carbon,  and  form  4§  lbs.  of  carbonic  oxide  gas.  By  this 
second  combination  the  volume  of  the  gas  is  doubled,  and  a 
large  amount  of  heat  is  rendered  latent  in  performing  the 
interior  work  of  expanding  the  gas  and  converting  the  solid 
carbon  into  vapour.  The  heat  produced  now  falls  from 
14,500  units  to  8800  units,  the  amount  due  to  the  imperfect 
combustion  of  2  lbs.  carbon,  showing  a  loss  of  sensible  heat 
equal  to  5700  units.  When  the  combustion  stops  at  thi3 
stage  for  want  of  air,  the  loss  of  sensible  heat  and  waste  of  fuel 
is  evidently  very  great.  But  when  a  sufficient  supply  of  fresh 
air  is  at  hand,  the  4|  lbs.  of  oxide  recombine  again  with  an 
additional  2  J  lbs.  of  oxygen,  making  7glbs.  of  carbonic  acid 
gas.  The  volume  is  hereby  reduced  to  that  of  5  J  lbs.  oxygen, 
and  the  5700  units  of  latent  heat  are  rendered  sensible,  the 
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tjtul  quantity  of  hoat  due  to  tho  last  combination  being  8800 
4-  5700  +  14,500  =  29,000  »  the  amount  due  to  tho  perfect 
combustion  of  2  lbs.  carbon. 

Tho  total  hoat  of  steam  at  atmospheric  pressure  being  1178*1, 
1  lb.  of  carbon  should  convert 

1  t,500_  =  12  91  lbs<  Qf  watcr  at  63o 
1178  1— 02 

into  steam  of  atmospheric  pressure. 

This  is  assuming  a  perfect  evaporative  efficiency,  and  all  tho 
heat  to  bo  utilisod.  Tho  best  results  in  practice,  however,  fall 
far  short  of  this.  In  locomotive  boilers,  where  the  best  cok<-, 
consisting  almost  entirely  of  carbon  is  still,  although  rarely, 
used,  the  maximum  evaporation  under  favourable  conditions 
may  bo  taken  at  9*5  lbs.  of  water  from  62  ,  showing  a  Ins.-,  of 
about  20  per  cent,  of  heat.  The  reason  of  this  will  be  shown 
below. 

Hydrogen  is  not  supplied  in  the  free  state  to  our  furnaces, 
but  is  usually  present  as  a  component  of  tho  hydrocarbons, 
such  as  pitch,  tar,  defiant  gas,  Szc.  oontained  in  tho  coal. 
Two  equivalents,  by  weight,  of  hydrogen  (H_>)  combine  with  ono 
of  oxygon  (01  6),  or  1  lb.  of  tho  former  with  8  lbs.  of  the  latter, 
and  form  9  lbs.  of  water  which  pass  otT  in  a  state  of  vapour. 
Tho  quantity  of  oxygen  is,  in  this  case,  three  times  as  much  as 
wo  had  for  tho  carbon.  By  volume,  two  of  hydrogen  combine 
with  ono  of  oxygen,  the  resulting  aqueous  vapour  havinjj  the 
tamo  volume  as  tho  hydrogen.  Its  calorific  power  being 
62,032  units,  wo  have  then  by  1  lb.  of  hydrogen — 

u->u«^      =55 -58  lbs.  of  water  at  02° 
1178-1°— G2 

converted  into  steam  of  atmospheric  pressure. 

When  hydrogen  and  oxygen  are  present  in  the  fuel  in  tho 
tho  proportions  to  form  water,  they  combine  as  such,  and  do 
not  increase  the  heat  of  CDmbustion  ;  but,  along  with  any  other 
water  that  may  be  present,  act  injuriously  in  reducing  the 
temperature  of  the  furnace  by  absorbing  a  considerable  amount 
of  heat  by  their  conversion  iuto  vapour.  In  order  to  ascertain 
the  heating  power  of  hydrogen  contained  in  any  fuel  along 
with,  oxygen,  we  have  to  subtract  one  part  by  weight  of  the 
former,  for  every  eight  parts  of  the  latter,  and  consider  only 
the  surplus  hydrogen  as  having  any  heating  power. 
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The  hydrocarbons  are  the  first  constituents  of  coal  acted 
upon  by  the  heat  of  the  furnace,  and  pass  readily  into  the 
gaseous  state  which  they  must  assume  before  they  are  burnt, 
To  the  volatile  nature  of  the  hydrocarbons  is  due  the  flaming 
property  of  the  coals  containing  them. 

The  different  kinds  of  coal  such  as  non-bituminous  or  anthra- 
cite, slightly  bituminous .  or  anthracitic,  semi-bituminous,  and 
bituminous,  of  which  an  analysis  is  given  in  the  annexed  table, 
can  be  distinguished  by  their  appearance,  but  the  character 
of  different  varieties  of  each  kind  cannot  always  be  determined 
by  the  colour,  lustre,  cleavage,  <fec,  as  many  suppose. 

The  Anthracite,  or  hard  stone-like  coal  of  South  Wales,  is 
lustrous  in  appearance.  It  is  difficult  to  burn,  requiring  a  very 
strong  draught,  high  temperature,  and  considerable  atten- 
tion. When  dry,  it  burns  without  flame  or  smoke,  like  coke, 
since  it  contains  no  hydrocarbons,  and,  although  it  gives  out 
an  intense  local  heat,  it  is  not  adapted  for  burning  in  a  steam 
boiler  furnace,  and  is  consequently  little  used  as  a  steam  coal. 

Slightly  bituminous,  or  Anthracitic  coal,  found  abundantly 
in  South  Wales,  contains  a  small  amount  of  hydrocarbons,  and 
is,  for  many  kinds  of  boilers,  decidedly  the  best  steam  coal  we 
possess.  No  further  proof  of  this  is  required  than  the  large 
price  it  fetches  for  marine  boilers,  where  semi-bituminous  coal 
of  good  quality  is  to  be  had  at  a  much  cheaper  rate.  It  is  a  free 
burning  coal,  usually  with  a  short  flame,  and  requires  little  atten- 
tion. It  swells  considerably,  and  falls  rapidly  to  pieces  in  the 
furnace,  but  does  not  cake,  and  the  best  qualities  yield  but 
little  clinker  and  ash.  It  is  often  called  smokeless,  but  most 
of  the  best  qualities  emit  a  light  vapoury  smoke.  It  will 
not  bear  rough  usage,  and  crumbles  rapidly  after  long  exposure 
to  the  atmosphere,  which  circumstance,  together  with  the 
quantity  lost  in  some  descriptions  by  falling  through  the  fire 
bars  in  consequence  of  its  decrepitation  by  the  heat,  causes  a 
large  waste,  often  equal  to  15  per  cent.  In  consequence  of 
this  it  is  often  advisable  to  mix  this  with  a  harder  kind  of 
coal,  to  enable  the  dust  to  be  utilised.  The  small  amount 
of  skill  and  attention  for  smokeless  and  economical  firing  it 
requires  when  compared  with  most  kinds  of  semi-bituminous 
coal,  is  actually  the  circumstance  to  which  its  greater  value  is 
due. 

The  semi-bituminous  coal  containing  a  considerable,  but 
varying  amount  of  hydrocarbons,  is  more  used  than  any  other 
kind  for  steam  boilers.    Some  descriptions  are  free  burning, 
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whilst  others  cake  very  much  ;  all  of  good  quality  burn  easily 
with  an  ordinary  draught,  and  emit  a  considerable  amount  of 
smoke  unless  special  care  is  used  to  prevent  it. 

The  best  steam  coals  of  this  class  are  chosen  for  their  small 
amount  of  ash  and  clinker,  hardness,  and  non -caking  quality, 
which  tend  to  diminish  the  attention  required  to  burn  them 
economically.  The  properties  of  semi-bituminous  coal  vary 
considerably,  and  it  is  almost  impossible  to  tell  the  quality  from 
the  appearance,  apart  from  such  defects  as  are  indicated  by  the 
presence  of  stone,  iron  pyrites,  or  other  foreign  matters. 
Many  rich,  small,  hot  coals  that  are  not  suitable  for  boiler 
furnaces  when  used  alone,  owing  to  their  tendency  to  cake,  can 
be  successfully  burnt  if  mixed  with  a  harder  free  burning  coal  ; 
and,  indeed,  the  best  results  both  in  evaporation,  speed,  and 
economy,  are  to  be  obtained  by  a  judicious  mixing  of  two  or 
more  properly  selected  descriptions  of  coal.  Bituminous  coal 
contains  more  tarry  matter  than  the  above,  and  is  best  utilised 
for  gas  making. 

The  kind  of  coal  containing  the  largest  amount  of  bitumen, 
of  which  the  Boghead  Cannel  may  be  taken  as  a  type,  although 
rather  an  extreme  one,  being  regarded  by  some  as  not  being  a 
coal  at  all,  is  without  lustre,  of  a  greyish  or  brownish  black 
colour.  It  yields  a  very  large  quantity  of  ash  and  clinker,  and 
is  not  suitable  for  steaming.  It  is  employed  almost  exclusively 
for  gas  making,  for  which  the  large  amount  of  contained  hydro- 
carbons renders  it  most  suitable. 

Coke  is  the  solid  carbon  and  other  material  left  after  the 
volatile  ingredients  are  driven  off  by  partial  combustion  in  coke 
ovens,  or  by  slow  distillation  in  flue  retorts.  The  former  is 
much  the  best  for  boiler  fuel.  Much  small  semi-bituminous 
caking  coal,  rich  in  carbon,  but  which  would  be  comparatively 
worthless  for  boiler  furnaces,  forms  into  large  pieces  in  the  coke 
ovens,  and  becomes  a  valuable  coke  for  locomotive  boilers. 

Some  patent  fuels  are  also  made  by  compressing  into  moulds 
and  heating  in  retorts,  small  coal  of  good  quality,  that  would 
otherwise  be  wasted.  It  is  thus  formed  into  compact  solid 
blocks,  without  the  expulsion  of  the  hydrocarbons.  Pitch 
or  other  combustible  substances  may  be  added  when  the  coal 
does  not  contain  a  sufficient  quantity  of  bituminous  or  pitchy 
matter  to  make  it  cohere  properly. 
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Theoretical  heat  of  Combustion  of  different  kinds  of  fuel 
and  their  constituents. 
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The  total  heat  of  combustion  of  a  substance  such  as  coke  or 
coal  can  bo  found  by  taking  the  sum  of  the  quantities  of  heat 
which  are  given  by  the  combustion  of  its  component  parts 
taken  separately.  If  we  take,  for  example,  the  quality  of 
coke  given  in  the  above  table,  we  have  for  the  total  heat  of 
combustion  when  completely  burnt  *94:  lb.  carbon  x  14,500 
13630  units.  This  does  not,  however,  give  us  the  temperature 
of  the  resulting  carbonic  acid.  To  find  this,  the  heat  of  com- 
bustion must  be  divided  by  the  total  weight  of  the  gas  multiplied 
by  its  specific  heat,  which  we  assume  here  to  be  constant  at  all 
temperatures.    We  have  also  to  consider  the  loss  of  tempera- 
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ture  due  to  the  absorption  of  heat  by  the  nitrogen,  which  forni3 
the  principal  bulk  of  the  air  for  combustion, 

Weight  of  oxygen  =  2*51  lbs. 
j,    nitrogen  -  8'81Glbs. 


11 -3  2  Gibs,  of  air. 

Carbonic  acid  3*45  lbs.  x  '216  =  '745 
Nitrogen      .  8 '82  lbs.  x  '244  =  2'152 


2'897 


Therefore  elevation  of  temperature  above  atmosphere 

=  13630  =  4716°  Fahr. 
•2-89 

For  the  more  complicated  process  of  combustion,  when  coal  is 
burnt,  let  us  examine  that  of  1  lb.  of  average  Newcastle  coal. 
Here  we  have- 
Carbon      =   -821  lbs. 
Hydrogen  =   -053  lbs. 
Oxygen      =   #057  lbs. 

Making  allowance  for  the  water  due  to  the  presence  of  the 
oxygen  and  hydrogen  together  we  get — 


Hydrogen  = 


=  -046. 


The  quantities  therefore  stand — 

Carbon      =   -821  lbs. 
Hydrogen  =   *04G  ,, 
Water        =   '0G4  „ 

Carbon  -821  X  14500  =  11904  units  of  heat. 
Hydrogen  '046  X  62032  =    2853  „ 


14758  units  of  heat  = 
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total  heat  of  combustion — 

Oxygon,  required  for  0  O  ,   -    2*18  lb* 
„         „    Il2  O    =      -308  lbs. 


Total  oxygen  consumed  -     £*5  18  lbs. 
Associated  nitrogen  in  air         .    =    8*018  lbft 


Total  quantity  of  air  consumed  .       11*466  lbs. 

Resulting  carbonic  acid    .        .        .        3  lbs.  x  '2\(j='(j4& 

(  Water  in  coal  .  .  064  | 
Steam/     „    from   hydrogen         >  '47*  lbs.  x  480  -I'l'D 

(  burnt  .  .  '414  J 
Nitrogen  8'9181ba,  X  '244  2'lffl 


8-053 


To  find  the  elevation  of  temperature  in  this  OMe  Wl  must 
deduct  the  latent  heat  in  the  steam  from  the  total  heat  of  com- 
bustion,  when  wo  get — 

14758  -  (966°  XJ47_8)=  4G82o  = 
3-053 

of  temperaturo  above  the  atmosphere. 

Wo  find  from  the  above  results  that  the  total  heat  <>f  com- 
bustion of  coal  compared  with  that  of  coke  is  greater,  whilst 
the  elevation  of  temperature  of  the  products  is  less.  This  is 
owing  to  the  heat  absorbed  in  raising  the  temperature  of  the 
increased  quantity  of  air  required  in  burning  coal,  and  also  in 
consequence  of  the  heat  rendered  latent  in  evaporating  the 
water  in  the  fuel.  The  respective  temperatures  here  assigned 
are  nover  realised  in  practice,  owing  to  the  cooling  ellect  of  tho 
unburnt  air,  plates  and  material  in  the  furnace.  The  quantity 
of  heat  absorbed  by  the  ashes  and  other  ingredients  in  the  fuel, 
which  is  however  comparatively  small,  should  also  be  taken  into 
account  in  estimating  the  exact  temperature  due  to  the  combus- 
tion of  any  fuel. 

Tho  theoretical  amount  of  air  required  for  any  given  fuel 
depends  upou  the  chemical  composition  of  that  fuel,  and  may 
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be  obtained  by  the  following  formula  where  A  =  weight  of  air 
required — 


For  all  kinds  of  coal  and  coke  the  minimum  weight  of  air  re* 
quired  may  be  taken  at  121bs.  per  lb.  of  fuel,  the  variation  on 
either  side  of  this  quantity  being  immaterial. 

It  must  not,  however,  be  assumed  that  coal  or  coke  can  be 
properly  burnt  in  a  boiler  furnace  with  anything  like  so  small  an 
amount  of  air  as  this.  Since  carbon  cannot  be  economically  burnt 
in  the  presence  of  the  carbonic  acid  formed,  this  gas  must  be 
diluted  with  a  considerable  quantity  of  oxygen  or  air  to  be 
ready  for  combustion  with  the  carbon  it  meets  with.  This 
necessary  reserved  quantity  of  air  for  dilution  will  vary  in 
amount  according  to  the  manner  of  its  distribution,  and  the 
velocity  with  which  it  is  forced  amongst  the  burning  fuel. 

When  the  pieces  of  coal  are  small  and  of  a  caking  nature 
they  form  into  a  large  solid  mass  over  the  bars,  restricting  the 
passage  of  air  to  a  few  spaces,  especially  when  the  draught  is 
moderate,  and  a  large  amount  of  oxygen  passes  in  consequence 
unburnt  through  the  fire.  When  thp  draught  is  severe  good 
coking  coal  can  be  burnt  with  a  good  result,  and  some  descrip- 
tions of  this  coal  are  highly  prized  by  those  who  know  how  to 
use  them.  With  slightly  bituminous  or  semi-bituminous  non- 
caking  coal  in  large  or  small  pieces  the  bulk  of  air  passed 
through  the  grate  is  more  or  less  minutely  divided,  and  more 
favourably  diffused  for  combining  with  the  carbon. 

From  various  experiments  conducted  under  different  eircum- 
stances  it  appears  that  for  an  ordinary  chimney  draught  the 
weight  of  air  required  for  dilution  may  be  taken  as  equal  to 
that  required  for  combustion.  This  gives  us  24  lbs.  as  the 
quantity  of  air  required  for  each  pound  of  fuel.  But  when  the 
air  is  driven  with  great  velocity  by  a  strong  draught  amongst 
the  burning  fuel  the  combination  with  the  oxygen  is  more 
readily  effected,  and  a  smaller  quantity  of  air  is  required.  With 
very  powerful  chimney,  or  artificial  draught,  the  weight  of  extra 
air  required  is  found  to  be  considerably  less  than  the  above,  and 
may  be  taken  as  one  and  a  half  the  minimum  quantity,  making 
1 8  lbs.  per  lb.  of  fuel. 

In  burning  semi-bituminous  steam  coals  a  considerable  quantity 
of  fresh  air  is  required  for  combining  with  the  hydrocarbons 
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above  the  layer  of  coal,  and  must  bo  admitted  directly  to  tho 
gases  either  at  tho  furnace  front  or  at  the  bridge,  or,  which  b 
perhaps  better,  at  both,  unlets  tho  furnaco  is  specially  designed 
for  air  admission  to  tho  sides  or  middle  of  the  space  above  tho 
fuel.  Whichever  plan  is  adopted  too  gnat  care  cannot  Lo 
taken  to  admit  tho  air  in  small  jets  by  perforation!  or  other 
means,  especially  whon  its  direction  is  parallel  with  the  current 
of  gases.  This  ensures  a  better  mixing,  and  prevents  tc  a  very 
material  degree  tho  undesirable  cooling  effect  of  introducing  a 
largo  volumo  of  cold  air  in  0110  place,  which  is  liable  to  defeat 
tho  end  for  which  it  is  introduced. 

As  tho  chemical  action  between  the  fuel  and  the  oxygen  can 
only  take  place  when  tho  two  are  in  intimate  contact,  the 
rapidity  and  completeness  of  combustion  and  intensity  uf  heat 
will  bo  increased  by  increasing  the  number  of  points  ..f  contact, 
or  by  reducing  the  size  of  tho  pieces  of  fuel.  Tho  ultimate  con- 
clusion to  bo  drawn  from  this  is  that  coal  should  bo  used  as 
dust,  or,  still  hotter,  as  gas,  in  order  to  afford  tho  greatest 
facilities  for  perfect  combustion.  No  doubt  this  oondlisioa  is 
theoretically  correct,  and  the  latter  mod.-  will  in  time  be  brought 
largely  into  practice.  The  principal  difficulty  in  the  employ- 
ment of  these  methods,  especially  tho  former,  is  to  arrive  at 
and  apply  successfully  tho  proper  quantity  of  air  for  admixture. 

"With  boilers  having  a  good  chimney  it  is  usual  to  havo  a 
damper  for  regulating  the  draught  or  altering  the  quantity  of 
air  admitted.  For  every  description  of  boiler  the  mott  econo- 
mical rato  of  air  admission  will  depend  upon  tho  general  and 
detailed  arrangement  of  furnace,  quality  of  coal,  ratio  of  grate 
area  to  effective  heating  surface,  &C  When  this  rate  is 
exceeded,  or,  in  other  words,  when  the  fire  is  forced,  it  does 
not  of  necessity  follow  that  a  large  amount  of  unburnt  oxygen 
will  escapo  to  tho  chimney.  Whether  this  will  take  placo  or 
not  will  depend  upon  the  distribution  and  thickness  of  coal  on 
the  grate,  facility  afforded  for  mixing  the  air  with  the  gases  as 
they  leave  the  furnaces,  and  amount  of  air  introduced  other- 
wise than  through  the  tire  bars.  It  may  happen,  as  indeed  it 
usually  does  with  skilful  tiring,  that  the  quantity  of  free  oxygen 
in  the  chimney  decreases  as  the  force  of  the  draught  is  increased, 
since  the  quantity  of  the  coal  properly  consumed  increases  still 
more  rapidly,  in  consequence  of  the  more  intimate  contact 
with  the  oxygen  caused  by  the  more  rapid  draught. 

The  evil  of  forced  tiring  is  generally  to  be  found  in  the  fact 
that  the  increased  velocity  of  the  gases  diminishes  the  efficiency 


250 


A  TREATISE  ON  STEAM  BOILERS. 


of  the  heating  surface,  as  will  be  shown  below,  the  quantity  of 
heat  extracted  by  the  boiler  depending  upon  the  length  of  time 
the  products  of  combustion  are  allowed  to  be  in  contact  with 
the  absorbing  surface. 

Should,  however,  the  volume  of  unburnt  air  discharged  into 
the  chimney  increase  with  the  forced  filing  the  result  will  be  a 
waste  of  heat  equal  in  amount  to  that  absorbed  by  the  increased 
quantity  of  air  admitted,  in  addition  to  the  loss  due  to  the  in- 
creased velocity  of  the  gases. 

When  the  supply  of  air  is  too  small  imperfect  combustion  is 
the  result,  causing  either  smoke  or  the  formation  of  carbonic 
oxide,  or  both,  according  to  the  nature  of  the  fuel  and  distribu- 
tion of  the  air.  The  loss  of  heat  owing  to  the  formation  of 
carbonic  oxide  is  frequently  25  per  cent,  of  the  whole  amount 
due  to  the  most  economical  supply  of  air.  The  carbonic  oxide 
is  invisible,  but  its  presence  is  sometimes  revealed,  especially  in 
coke  burning,  when  on  opening  the  fire  door  it  burns  with  a 
blue  flame,  as  it  becomes  ignited  by  contact  with  the  cold  fresh 
air.  When  burnt  with  oxygen  at  a  high  temperature  the  colour 
of  the  flame  is  yellow. 

Dry  carbon  burns  without  flame.  When  flame  is  seen  above 
a  coke  or  charcoal  fire  it  is  caused  by  the  burning  of  carbonic 
oxide,  or  of  hydrogen,  which  has  found  access  to  the  fire  either 
in  the  moisture  absorbed  by  the  fuel,  or  from  some  steam  or 
vapour  passing  through  the  bars  with  the  draught. 

If  we  take  the  actual  quantity  of  air  required  for  burning 
coke  as  |,  and  that  for  semi-bituminous  coal  as  double  the 
theoretical  quantity,  we  shall  find  the  elevations  of  temperature 
to  be  respectively  3215°  and  2478°,  the  total  heat  of  combus- 
tion being  as  above  14630  units  and  14758  units. 

The  distinction  is  here  seen  between  the  total  heat  of  com- 
bustion and  the  temperature  of  the  products  of  combustion,  or 
between  the  quantity  and  intensity  of  heat,  the  latter  being 
much  greater  in  fuel  containing  little  or  no  hydrogen,  although 
a  less  quantity  of  heat  is  produced.  The  cause  of  this  is 
evident  :  in  burning,  carbon  requires  for  its  perfect  combustion 
but  one  third  the  weight  of  oxygen  or  air  required  by  an  equal 
amount  of  hydrogen,  producing  a  corresponding  small  weight  of 
carbonic  acid,  compared  with  the  steam  produced  by  the  com- 
bustion of  the  hydrogen.  Again,  the  specific  heat  of  carbonic 
acid  gas  is  less  than  one-quarter  that  of  steam,  and  it  is  upon 
the  weight  and  specific  heat  of  the  products  of  combustion  that 
their  temperature  depends  as  well  as  their  total  heat  of  com- 
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bustion.  Moreover,  iu  burning  dry  carbon  or  coko,  there  ia 
but  little  or  no  steam  to  render  latent  any  of  the  heat. 

But  the  intensity  of  the  heat  given  out  by  a  piece  of  coal 
during  its  combustion  will  bo  proportionate  to  the  rapidity  with 
which  it  burns.  The  element  of  time  ia  therefore  of  great 
importance  in  considering  the  heating  effect  of  any  given  kind 
of  fuel.  Tho  theoretical  intensity  of  heat  of  two  different 
qualities  of  coal,  calculated  from  their  chemical  analysis,  might 
bo  nearly  alike,  yet,  with  the  same  ordinary  draught  one  kind 
might  bo  a  quick  burning  "lively"  coal,  of  loose  .structure, 
developing  an  intense  heat  during  its  rapid  combustion  in  a 
boiler  furnaco,  whilst  tho  other  may  be  very  compact  and  plow 
burning,  tho  heat  developed  not  being  intense  compared  with 
tho  first.  Tho  calorific  intensity  of  slow  burning  coal  is 
diminished  by  tho  loss  of  heat  that  takes  place  by  conduction 
and  radiation. 

Although  the  combustion  of  hydrogen  produces  the  largest 
amount  of  heat  of  any  known  combustible  under  favourable 
conditions,  tho  largo  quantity  of  air  required  for  its  combustion 
in  an  ordinary  boiler  furnace  renders  the  attainment  of  a  high 
tomperaturo  by  it  impossible. 

Tho  reason  is  thus  obvious  for  making  coal  into  coke  and 
wood  into  charcoal  when  a  very  high  temperature  is  required. 
A  given  quantity  of  coal  properly  burnt,  and  where  the  heat  is 
all  utilised,  will  evaporate  more  water  than  tho  same  weight  of 
coke,  but  twenty  times  the  weight  of  coal  cannot  in  practice  bo 
mode  to  produce  tho  same  temperature  that  is  produced  by  the 
coT;e,  and  this  is  why  it  is  so  valuable  for  smelting  purposes 
where  an  intense  heat  is  required  and  where  the  products  of 
combustion  are  brought  into  contact  with  the  material  to  be 
heated. 

The  following  are  the  temperatures  T  produced  by  the  perfect 
combustion  of  1  lb.  of  substance  with  its  minimum  quantity  of 
air,  and  T'  the  temperaturo  of  1  lb.  with  oxygen  without 
nitrogen  : — 

Hydrogen :  T  =    ^032-(9GGQ  x  9)  =  ^    0      ,  =  0 
J      °  (28  X  '244)4-  (9  x  -480) 

Carbon:  T  =  ,  ^M00   -  4723°  &  T'  =  1830^ 

(3  67  X  -216)  +  (9-33  x  '244) 
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Carbonic  Oxide  :  T  - 


4328 


=  5233° 


(1*57  X -210)  +  (2  X -244) 
and  T'  =  12738° 


defiant  Gas:T  = 


21344  — (966°  x  1-287) 
(3  145  x  -216)  +  (1.287  x  -48)  +  (12  x  -244)~~ 


The  flame  of  a  fire  is  usually  not  so  hot  by  contact  as  the 
incandescent  fuel.  With  many  anthracite  coals  which  require 
a  strong  draught  and  a  high  temperature  for  their  combustion, 
the  intense  heat  is  concentrated  near  the  fire  bars,  rendering 
them  liable  to  waste.  In  order  to  prevent  this  the  method  has 
been  employed  of  placing  water  beneath  the  fire  grate,  which  on 
evaporating  passes  through  the  fire  above,  and  is  decomposed 
into  its  constituent  oxygen  and  hydrogen.  The  latter,  on 
burning  with  flame,  distributes  the  heat  better  through  the 
furnace,  and  renders  it  more  effective  for  heating  crucibles  or 
other  articles,  only  a  small  part  of  which  are  brought  into  contact 
with  the  incandescent  coal. 

In  practice,  the  whole  available  quantity  of  heat  produced  in 
a  boiler  furnace  is  never  utilised.  There  is  usually  a  large 
amount  lost  by  radiation,  which  will  depend  upon  the  arrange- 
ment, condition,  and  material  of  the  furnace,  and  may  be  taken 
as  a  rule  at  from  5  to  10  per  cent.  The  amount  of  heat  lost 
by  the  hot  ashes,  clinkers,  and  fuel  falling  through  the  bars 
varies  from  1 J  to  15  per  cent.  In  ordinary  practice  it  may  be 
taken  at  10  per  cent.  There  is  a  large  amount,  seldom  less 
than  25  per  cent.,  wasted  by  the  gases  escaping  at  a  high  tem- 
perature, from  400°  to  700°  into  the  chimney.  The  total 
amount  available  for  evaporation  is  therefore  but  60  per  cent, 
in  the  best  average  practice  with  internally  fired  boilers.  The 
average  amount  utilised  in  externally  fired  boilers  is  only  about 
50  per  cent. 

In  using  coal  containing  a  large  amount  of  hydro- carbons,  a 
great  loss  often  occurs  by  their  escaping  unburnt.  With  care 
this  loss  may  be,  to  a  great  extent,  avoided,  yet  some  authorities 
estimate  the  evaporative  power  of  various  classes  of  coal  by  the 
amount  of  fixed  carbon  they  contain. 

Taking  the  temperature  of  the  escaping  gases  on  leaving  the 
boiler  to  be  the  same  for  coke  and  coal,  say  600°  or  538°  above 
the  atmosphere,  which  is  the  average  temperature  to  ensure  the 
best  draught  we  have  for  coke,  with  |-  air  for  dilution,  538°  x 
4.24  =  2281  units  of  heat ;  and  for  coal,  with  2  air  for  dilution, 
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638° x 5*7?  =■  3104  unit?.  These  are  equivalent  to  an  evapo- 
ration at  212°  of  2*3  and  3  2  lbs  of  water  respectively  per 
pound  of  fuel. 

This  shows  that  there  is  a  greater  loss  in  the  escaping  gases 
from  tho  combustion  of  coal  as  compared  with  that  of  coke,  on 
account  of  their  greater  weight  and  specific  heat,  and  tho  heating 
surface  should  therefore  bo  made  proportionately  greater,  or  the 
grato  area  less,  to  obtain  the  same  evaporative  efficiency,  other 
conditions  of  evaporation  being  equal  in  both  eases. 

Apart  from  indicating  tho  pre  ence  of  ash,  sulphur,  and 
other  deleterious  ingredients,  and  the  decided  scarcity,  or  other- 
wise, of  hydrogen  and  oxygen,  the  ultimate  composition  of  any 
description  of  coal  affords  but  little  assistance  in  determining 
its  value  for  different  purposes.  Nearly  the  same  quantities  of 
elements  in  different  coals  may  arrange  themselves  before  and 
during  combustion,  so  as  to  produce  very  different  series  of 
compounds.  Analysis  shows  but  slight  differci.ee  in  the 
quantities  of  tho  ingredients  pre  ent  in  tho  best  house,  steam, 
coking  and  gas  coals  of  the  semi-bituminous  an  I  bituminous 
kinds,  and  yet  the  difference  in  tho  comparative  quantity  s  of 
coke  and  gas  they  yield  is  very  great.  It  is  only  by  actual  trial 
under  different  conditions  of  combustion  that  the  value  of  any 
kind  of  coal  can  bo  ascertained.  Nor  can  the  theoretical 
calorific  value  deduced  from  the  chemical  composition  be  taken 
as  a  certain  indication  of  tho  evaporative  value  attainable  in 
practice.  No  doubt  evaporative  results  from  various  kinds  of 
coals  bearing  tho  same  proportion  to  their  theoretical  calorific 
power  can  be  obtained  by  carefully  constructing  and  managing 
the  furnace  and  boiler  to  suit  tho  coal  to  be  burnt  ;  but  of  two 
kinds  of  coal  giving  about  equally  good  evaporative  results 
when  burnt  to  their  best  advantage,  that  requiring  the  least 
amount  of  attention  in  firing  will  naturally  be  most  highly 
prized. 

Numerous  experiments,  with  conflicting  results,  have  been 
conducted  by  the  rival  North  country  and  South  Wales  coal- 
owners  to  determine  the  comparative  value  of  the  steam  coals 
from  their  respective  districts.  The  most  trustworthy  results 
of  these  experiments  are  given  in  the  annexed  table.  Theso 
were  obtained  uuder  conditions  favourable  to  the  combustion 
and  absorption  of  heat  from  the  best  descriptions  of  each  kind 
of  coal,  which  prove  that  there  is  but  little  difference  in  their 
evaporative  value,  when  the  hydro-carbons  of  the  semi-bitumi- 
nous North  country  coals  are  properly  and  effectively  consumed  ; 
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Comparative  results  of  the  trials  of  the  Northumberland,  Welsh, 
and  South  Lancashire  and  Cheshire  Coals. 


Economic  value  or  lbs.  of  water 
evaporated 
from  21:;0  by  1  lb.  of  coal. 

Rate  of  combustion  in  lbs.  of  coal 
per  square  foot 
of  fire-grate  per  hour. 

Total  evaporation  in  cubic  feet  per 
hour. 

Area  of  fire-grate  in  square  feet. 

Rate  of  evaporation  per  square  foot 
of  fire-grate  per  hour 
in  cubic  feet  of  water  from  212°. 

Authority, 

Northumberland 

11'99 

24-3 

48-10 

10*3 

4-6 

Admiralty 

Officers. 

12-58 

17*25 

66-85 

19-25 

3-5 

Armstrong. 

10-66 

37-4 

98-7 

15-5 

6-4 

>> 

11-99 

28-9 

57-48 

10-3 

5-6 

Fletcher. 

Welsh  

12-47 

20-8 

43-23 

10-3 

4-2 

Admiralty 

Officers. 

12*48 

26-4 

54-4 

10-3 

5-3 

Fletcher. 

Lancashire   

11-6 

27-0 

52-8 

10-3 

5-1 

?> 

11-96 

27'0 

54-09 

10-3 

5-25 

Admiralty 

Officers. 

thess  are  more  combustible  or  burn  more  "lively"  than  the 
best  slightly-bituminous  or  best  steam  coals  of  South  Wales, 
and  are  therefore  superior  in  rapidity  of  combustion  and  evapo- 
rative velocity  per  foot  of  fire  grate,  or,  in  other  words,  can 
raise  more  steam  in  a  given  time.  When  speed  of  evaporation 
is  a  desideratum,  the  semi -bituminous  coals  have  a  decided 
advantage  over  their  rivals.  They  are  also  about  50  per  cent, 
harder  to  resist  hammering  and  rough  usage  than  the  others, 
which,  when  broken  by  a  hammer,  splinter  into  fragments 
whilst  the  semi-bituminous  coals  merely  break  through  their 
lines  of  cleavage. 

These  experiments  prove  that  with  care,  semi-bituminous 
coals  of  good  quality  can  be  burnt  without  any  smoke,  and  that 
their  evaporative  power  is  increased  when  the  formation  of 
smoke  is  properly  prevented. 

The  results  obtained  in  the  experiments  by  dint  of  great 
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care  and  skill  in  firing  and  arranging  the  furnace  for  cacli  kind 
of  coal  are  considerably  higher  than  are  attained  in  ordinary 
work,  and  more  especially  in  tho  case  of  tho  semi-bituminous 
coal,  whuro  tho  necessary  attention  required  for  economical 
smoke  prevention  cannot  always  bo  counted  upon.  The  soot 
deposited  from  tho  llanie  of  these  coals  .soon  forms  a  coating 
over  tho  heating  surface,  which  cannot  be  removed  so  frequently 
in  actual  work  as  during  a  series  of  experiments,  and  speedily 
impairs  tho  steaming  power  of  the  boiler.  Forcing  tho  lirta 
then  becomes  necessary,  unleas  there  be  a  large;  margin  of  boiler 
power,  and  both  smoke  prevention  and  evaporative  economy 
become  well-nigh  impossible.  The  facility  offered  by  good 
North  country  coals  for  rapid  combustion  tends  greatly  to  cause 
carelessness  on  tho  part  of  the  fireman,  and  it  may  bequ  stioned 
whether  their  great  combustibility  is  always  an  advantage, 
leading  as  it  does  to  wasteful  consumption  ;  the  n  quired  evapo- 
ration being  maintained  by  "blazing  away"  the  c  tals,  instead 
of  close  attention  to  tho  stoking  and  keeping  a  well-spiaad 
and  clean  firo. 

With  tho  same  description  of  boiler  and  furnace  the  heat  of 
the  escaping  gases,  when  long-flaming  semi-bituminous  coals  are 
burnt,  is  likely  to  bo  higher  than  when  coals  having  a  shorter 
flamo  aro  used.  With  the  former  the  generation  of  the  heat  is 
spread  over  a  greater  leng&  of  surface  by  the  long  llame,  and 
has  consequently  a  shorter  run  for  itn  absorption.  In  the  latur 
case  nearly  all  the  heat  at  a  very  high  temperature  is  generated 
on  the  bars,  and  can  be  taken  up  by  the  greater  length  of 
I  surface  it  has  to  traverse.  For  this  reason  shorter  grates  aro 
(required  in  burning  semi-bituminous  or  long  flaming  c«>al  than 
for  a  coal  containing  a  less  quantity  of  volatile  ingredients,  such 
aa  tho  South  Wales  steam  coal,  in  order  to  obtain  the  samo 
evaporative  economy.  This  has  been  proved  by  numerous 
experiments,  and  also  that  the  provisions  for  air  admission  and 
mode  of  firing  best  adapted  for  one  kind  of  coal  may  be  totally 
unfitted  for  another  kind.  The  type  of  boiler  and  furnace  should 
always  bo  adapted  to  tho  kind  and  quality  of  coal  to  bo  em- 
ployed. It  is  no  exaggeration  that  boilers  and  furnaces  can  be 
selected  which  would  give  50  per  cent,  higher  duty  with  one 
kind  of  coal  than  with  another,  whilst  in  other  boilers  the 
superiority  might  be  reversed. 

In  conducting  competitive  coal  trials  in  any  given  locality  tho 
coal  that  has  been  carried  the  greatest  distance  is  likely  to  be  is* 
the  worst  condition  for  testing.    South  Wales  coal  teste!  ou 
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the  Tyne  is  placed  at  a  disadvantage  with  its  rival,  which  can 
be  procured  fresh  wrought  from  the  pit,  whilst  at  Cardiff  the 
advantage  would  be  on  the  other  side.  Owing,  however,  to 
the  friable  nature  of  the  best  Welsh  steam  coal,  it  deteriorates 
much  more  rapidly  than  its  rival  from  the  north,  by  shipment  aud 
transport,  as  well  as  by  lying  in  store  exposed  to  the  atmosphere. 


CHAPTER  XIV. 


SMOKE  PREVENTION  AND  FIRING. 

In  considering  the  rationale  of  imoke  making  and  prevention, 
it  is  advisablo  at  the  outset  to  explain  what  smoke  n  ally  is,  as 
thero  exists  considerable  misunderstanding  on  this  point 

When  afresh  charge  of  se  m  i  -  bi  t  u  m  i  n  o  u  s OOals,  Mich  as  ordinary 
North  country  house  coal  is  thrown  on  to  the  fire,  in  mffidi  nt 
quantity  to  prevent  the  immediate  formation  of  flame,  a  volume 
of  gas  or  vapour  usually  of  a  dark  yellow  or  brown,  or  bluish 
black  colour,  as  seen  against  the  dark  background  of  the  lire- 
place,  is  given  off.  The  quantity  evolved  will  be  greatest 
when  the  coal  is  very  small.  This  gas,  or  vapour,  is  commonly 
called  smoke,  but  it  is  not  what  is  meant  by  that  term  when 
used  in  speaking  of  the  smoke-nuisance,  and  does  not  deposit 
soot.  The  colour  of  tho  gas  as  it  issues  from  the  chimney  will 
greatly  depend  upon  tho  character  and  distance  of  the  back- 
ground against  which  it  is  scon,  upon  the  nature  of  tho  light  it 
is  seen  by,  whether  it  is  transmitted  or  retlected,  the  former 
lending  a  yellowish,  and  the  latter  a  bluish,  tint. 

Against  a  dark  background  of  brickwork  or  hills,  it  appears 
grey  or  blue  ;  against  dark  clouds,  light  brown  or  grey,  or  is 
not  visible  at  all  ;  and  against  white  clouds  or  a  blue  sky,  brown 
or  yellow,  but  never  quite  black,  or  like  true  smoke. 

If  a  sheet  of  white  paper  bo  held  over  tho  vapour  as  it 
escapes  from  tho  coal  and  there  is  no  flame,  the  sheet 
will  become  slowly  coated  with  a  sticky  matter  of  brown 
colour  difficult  to  remove,  and  having  a  strong  tarry  or 
sulphurous  smell.  This  colour  and  smell  are  due  to  the  tarry 
matter,  sulphur,  and  other  volatile  ingredients  in  the  gas. 
Deprived  of  these  colouring  matters,  the  vapour  is  a  carburetted 
hydrogen  (chiefly  olefiaut  gas,  and  marsh  gas),  or  a  chemical 
mixture  of  hydrogen  and  carbon,  and  nearly  the  same  as  the 
colourless  gas  by  which  our  houses  are  lighted. 

When  the  charge  of  coals  and  the  escaping  coloured  gases 
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have  attained  a  considerable  temperature,  the  latter  can  be 
ignited  on  the  application  of  a  light  or  by  stirring  the  fire.  No 
coloured  vapour  will  now  be  visible  above  the  flame  as  seen 
against  the  back  of  the  fireplace,  but  if  we  hold  a  clean  sheet  of 
paper  above  the  flame,  we  shall  find  along  with  a  greatly  dimi- 
nished amount  of  adhesive  colouring  matter  a  deposit  of  soft 
black  smuts,  or  particles  of  carbon,  different  in  colour  and 
nature  from  the  other  deposit.  A  chemical  change  has  taken 
place,  one  result  of  which  is  the  appearance  of  these  carbon 
particles  which  were  not  visible  before.  The  carburetted 
hydrogen  gas  on  becoming  ignited  is  converted  into  flame,  or  in 
other  words,  by  the  aid  of  the  heat  the  hydrogen  of  the  gas  ha*> 
entered  into  chemical  nnion  with  the  oxygen  of  the  air,  pro- 
ducing flame  and  heat  by  their  union  and  forming  water, 
which  passes  off  in  invisible  steam.  At  the  same  time,  the 
carbon,  which  was  present  although  invisible  in  the  gas,  has 
been  liberated,  and  is  partially  consumed  and  partially  deposited 
on  the  cold  paper  in  minute  visible  particles. 

In  an  open  fireplace  where  the  surrounding  temperature  is 
low  the  ignition  of  the  hydrogen,  and  consequently  the  forma- 
tion of  flame  is  essential  to  the  liberation  of  these  carbonaceous 
particles  which  in  their  minute  state  are  carried  aloft  by  the 
ascending  current  of  steam  and  gases,  or  are  deposited  as  soot 
on  the  surfaces  with  which  they  come  in  contact.  It  is  the 
volume  of  vapour  and  gases  coloured  by  the  carbon  particles 
that  forms  smoke,  properly  so  called.  On  issuing  from  the 
chimney  these  particles,  if  not  carried  away  by  their  enveloping 
medium  which  is  always  of  considerable  volume  (a  ton  of  coal 
properly  consumed  giving  off  nearly  half  a  ton  of  water), 
would  fall  at  once  as  a  cloud  of  light  black  dust .  The  colour  of 
the  smoke  will  be  light  or  dark  according  to  the  proportion  of 
carbon  particles  present  in  the  gases. 

The  carbon  contained  in  our  lighting  gas  can  be  rendered 
visible,  in  a  somewhat  similar  manner  to  the  above,  by  pressing 
a  cold  white  plate  or  saucer  down  upon  a  jet  of  burning  gas. 
A3  the  olefiant  and  marsh  gases  issue  from  the  burner  they  are 
decomposed  by  the  heat  ;  the  hydrogen  is  partially  separated 
from  the  carbon,  and  being  more  inflammable,  burns  first  with 
iame,  in  which  the  carbon  particles  are  highly  heated.  If 
sufficient  oxygen  can  come  in  contact  with  the  carbon  while 
still  at  a  high  temperature,  it  will  be  burnt  without  smoke,  but 
by  cooling  it  with  the  surface  of  the  plate  before  the  combina- 
tion is  effected,  the  carbon  is  deposited  as  very  fine  soot, 
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Smoke  may  bo  formed  ovon  with  an  abundant  supply  of 
oxygen  at  hand  for  combination  with  the  carbon,  by  cooling 
down  the  flame  below  the  temperature  necessary  for  igniting  the 
carbon,  before  the  union  is  effected.  This  may  bo  done  by 
■Unrounding  the  flame  with  a  good  conductor  (if  heat  at  a  low 
temperature. 

It  would  thus  appear  that  the  liberation  of  tho  carbonaceous 
particles,  and  consequently  the  appearance  of  true  smoke  takes 
place  only  after  tho  formation  of  flame.  This  is  true  only  so 
far  as  it  applies  to  an  open  fireplace,  or  jet  of  lighting  gas, 
whero  the  temperature  of  the  surrounding  atmosphere  is 
low. 

In  close  furnaces  whero  a  high  temperature  is  maintained, 
tho  carbon  may  bo  liberated  from  tho  gam  by  tho  heat  without 
the  combination  of  tho  hydrogen,  and  consequently  without  tho 
presence  of  flame,  smoke  or  soot  being  the  possible  result,  as 
in  the  other  case. 

Smoke  in  all  cases  can  bo  avoided  simply  by  bringing  a 
supply  of  fresh  air  in  contact  with  tho  carbon  while  it  is  red 
hot  in  the  flame,  or  at  a  sufficiently  high  temperature  to  combine 
with  tho  oxygen.  Tho  combination  passes  oil*  as  invisiblo 
carbonic  acid  gas. 

What  is  required  then  is  tho  presence  of  sufficient  air  and  a 
sufficiently  high  temperature.  In  our  domestic  fireplaces,  we 
usually  have  the  former,  but  as  a  very  small  quantity  passes 
through  the  bars,  tho  great  bulk  is  of  a  very  low  temperature, 
and  steals  away  the  heat  before  tho  chemical  union  of  tho 
carbon  and  oxygon  can  bo  effected.  In  a  boiler  furnace,  on  tho 
other  hand,  there  is  always  a  sufficiently  high  temperature, 
unless  the  furnace  be  choked  with  fresh  fuel  ;  but  the  supply 
of  air,  especially  abovo  the  fuel,  is  too  often  wanting.  Tho 
supply  of  air  in  sufficient  quantity  to  the  upper  portion  of  the 
furnace,  at  the  back,  or  front,  or  middle,  or  sides,  is  tho  object 
of  all  good  plans  for  smoke  prevention. 

A  mode  of  getting  rid  of  the  smoke  by  consuming  it  was 
formerly  frequently,  and  still  is  to  some  extent  resorted  to  with- 
out the  direct  introduction  of  air  to  the  hot  gases.  The  smoke 
once  formed,  is  allowed  to  mix  with  carbonic  acid  at  a  high 
heat,  a  second  furnace  being  sometimes  provided  for  the  pur- 
pose, when  the  solid  particles  of  carbon  are  dissolved  in  the  gas 
producing  carbonic  oxide.  The  result  of  this  method  is  a 
considerable  waste  instead  of  a  saving  of  fuel,  although  tho 
appearance  of  smoke  may  be  prevented.    The  plan  might  be 
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rendered  economical  by  the  introduction  of  a  supply  of  freslt 
air  at  the  right  time  and  place. 

As  flame  is  essential  to  the  production  of  smoke  at  a  low 
surrounding  temperature,  it  is  evident  that  if  the  hydrocarbons 
can  be  expelled  without  flame,  and  the  temperature  at  the  same 
time  kept  down,  there  will  be  no  smoke.  In  order  to  carry 
this  into  practice  it  is  only  necessary  to  dampen  the  coals 
sufficiently  with  water  or  to  mix  with  them  some  substance, 
such  as  bark,  containing  moisture.  The  absorption  of  the  heat 
by  the  fresh  charge  of  coals  and  steam  given  off  along  with  the 
gases  as  well  as  its  interception  by  the  caking  of  the  coai 
which  is  increased  by  this  treatment,  keeps  the  upper  portion 
of  the  furnace  at  so  low  a  temperature,  that  the  hydrocarbons 
escape  in  the  unburnt  state,  without  the  formation  of  real 
smoke,  but  at  a  great  sacrifice  of  fuel  and  speed  of  evaporation. 

The  prevention  of  smoke  by  this  method  is  sometimes 
wrongly  ascribed  to  the  water  introduced  along  with  the  coal, 
being  decomposed  by  the  heat,  when  the  liberated  oxygen  is 
said  to  combine  with  the  carbonaceous  particles.  But  unfortu- 
nately for  this  theory,  when  the  hydrocarbons  do  ignite,  the 
presence  of  water  seems  rather  to  increase  the  quantity  of 
smoke  than  diminish  it. 

As  has  been  already  observed,  steam  can  be  decomposed  by 
passing  it  ihrough  a  body  of  incandescent  fuel,  and  the  method 
is  of  service  in  some  melting  furnaces,  but  it  is  difficult  to 
perceive  how  any  economical  advantage  is  to  be  obtained  by 
applying  it  to  boiler  furnaces  (unless  it  is  wanted  for  making 
flame),  where  it  is  also  likely  to  reduce  the  firebars  very  rapidly. 

Again,  by  regulating  the  draught,  and  by  simply  throwing 
on  sufficient  coal  to  choke  and  cool  the  furnace,  the  ignition  of 
the  hydrocarbons  can  be  prevented,  but  as  they  pass  off  un- 
consumed,  this  method  of  smoke  prevention  is  also  very  wasteful 
of  fuel,  besides  having  the  disadvantage  of  making  steam  slowly 
and  intermittently,  especially  when  the  coal  is  of  a  caking 
nature,  since  it  cannot  be  stirred  before  the  hydrocarbons  have 
escaped. 

Some  plans  to  prevent  smoke  by  closing  the  damper  and  so 
reducing  the  draught  at  the  time  of  firing  have  been  tried,  and 
have  always  failed,  except  where  the  formation  of  flame  has 
been  prevented.  The  draught  should  be  increased  instead  of 
diminished  for  a  short  time  after  firing,  in  order  to  give  the 
most  economical  result. 

With  a  \ie^Y  to  obviate  the  chilling  influence  of  the  boiler 
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plates,  which  extinguish  the  flame  coming  in  contact  with  them 
before  the  combustion  of  the  carbon  particles  is  completed, 
various  plans  have  been  tried  for  completing  the  combustion  in 
firo  brick  roverberatory  furnaces  erected  in  front  of  the  boiler. 

In  furnaces  of  this  kind  there  is  often  a  greater  loss  of  heat 
by  radiation  and  conduction  than  in  a  furnace  either  inside  of 
or  directly  underneath  the  boiler,  and  the  extra  cost  involved 
in  their  erection  and  maintenance  not  being  compensated  by 
any  corresponding  saving  in  fuel,  operates  against  their  general 
adoption.  This  plan  of  delaying  the  utilisation  of  the  heat 
until  the  combustion  is  complete  is  no  doubt  theoretically 
correct,  but  most  attempts  to  carry  it  out  in  practico  have 
failed  in  economy,  probably  owing  to  the  loss  of  the  radiant 
heat  from  tho  incandescent  fuel. 

FIRING. 

Tho  thickness  of  tho  firo  and  its  mode  of  distribution  on  the 
grate  must  be  regulated  by  tho  size,  quality,  and  nature  of  tho 
fuel,  the  force  of  tho  draught  and  tho  facilities  for  effective  air 
admission.  When  coke  and  good -sized  coals,  containing  a 
small  proportion  of  hydrocarbons  are  used,  sufficient  air  for 
perfect  combustion  can  bo  made  to  pass  through  the  firo  bars 
with  a  good  draught,  provided  that  the  fire,  generally  speaking, 
does  not  exceed  8"  in  thickness.  With  a  forced  draught,  as  in 
locomotive  boilers,  this  thickness  may  be  greatly  increased,  but 
it  is  dependent  in  a  great  measure  upon  tho  riae  of  the  pieces 
and  character  of  the  fueL 

By  careful  firing,  and  admitting  a  suflicient  quantity  of  fresh 
air  directly  to  the  hydrocarbons,  nearly  any  kind  of  semi- 
bituminous  steam  coal  can  be  burnt  without  smoke. 

In  using  round  semi- bituminous  non-caking  coal  of  the  best 
quality,  a  fire  in  ordinary  sized  furnaces  from  10"  to  14" 
thick  is  the  best  for  economical  combustion,  care  being  taken 
that  sufficient,  but  not  too  much,  air  is  admitted  for  ad  mixture 
with  the  combustible  gases  whilst  they  are  still  at  a  very  high 
temperature.  The  best  mode  of  tiring  most  kinds  of  good  smoky 
coal  of  this  description  is  to  pile  it  up  on  the  dead  plate,  in  order 
to  allow  the  volatile  ingredients  to  be  expelle  I  by  the  heat  radiated 
and  diffused  through  the  furnace.  These  ingredients,  mixing 
with  an  adequate  supply  of  air  entering  through  the  provisions 
in  the  furnace  door  or  front,  iguite  in  passing  over  the  hot 
fuel,  and  are  completely  consumed. 
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The  mass  piled  up  at  the  door  becomes  gradually  converted 
into  coke,  and  on  being  pushed  forward  over  the  fire  at  the  next 
charge  is  burnt  principally  by  the  air  which  passes  through  the 
bars.  Some  furnaces  require  to  be  altered  for  the  successful  carry- 
ing out  of  this  "  coking  "  method  of  firing,  which  gives  the 
most  economical,  though  not  the  most  rapid  evaporation.  The 
pieces  of  coal  should  not  be  introduced  larger  than  the  size  of 
a  man's  fist.  The  fire  will  require  recharging  every  20  or  30 
minutes,  according  to  the  draught,  combustibility  of  the  coal, 
and  size  of  furnace. 

If  the  coal  is  small  and  cakes  very  much,  this  plan  is  not 
admissible,  and  regular  firing  with  moderate  charges  at  from  10 
to  15  minutes'  intervals  must  be  adopted.  With  two  furnaces,  it 
is  best  to  fire  alternately,  and  not  one  immediately  after  the 
other,  in  order  to  maiutain .  as  much  as  possible  a  steady 
evaporation,  and  to  prevent  a  double  volume  of  smoke  appear- 
ing in  case  any  should  be  produced.  When  the  width  of  the 
furnace  permits,  it  is  also  advisable  in  most  cases  to  employ 
"  side "  firing,  that  is,  to  throw  the  coal  on  each  side  of  the 
fire  alternately,  always  leaving  one  side  bright,  so  as  not  to 
cool  the  whole  furnace  at  once.  This  method  is  preferable  to 
the  "  spreading"  system  which  is  commonly  employed.  There 
can  be  no  doubt  that  this  last  is  the  best  mode  of  firing  for 
rapid  evaporation,  but  it  is  the  least  economical  and  the  most 
difficult  for  avoiding  smoke  making,  unless  very  small  charges 
at  short  intervals  are  introduced. 

The  number  of  shovelfuls  thrown  on  at  each  charge  with  both 
side  firing  and  spreading  firing  will  vary  from  4  to  12,  according 
to  the  size  and  quality  of  fuel,  intensity  of  draught,  and  speed 
of  evaporation  required. 

In  using  small  coals — slack,  duff,  pease,  or  beans,  the  gases 
are  disengaged  almost  instantaneously  when  a  charge  is  thrown 
on  to  a  hot  fire,  and  cause  a  difficulty  of  admixture  with  the  air, 
even  when  a  sufficient  supply  is  present.  The  only  way  to 
prevent  smoke  when  using  slack,  without  wetting  it,  is  to  keep 
up  an  almost  continuous  firing  with  small  charges  in  order  to 
aid  the  mixing  of  air  with  the  gases.  With  limited  boiler 
power,  however,  this  method  cannot  be  successfully  employed, 
as  the  cooling  effect  of  the  large  and  frequent  volume  of  cold 
air  entering  through  the  open  furnace  door  checks  the  quick 
raising  of  steam,  and  even  where  the  boiler  power  allows  of 
this  plan  being  carried  out,  the  volume  of  air  which  passes 
unburnt  is  far  too  large  to  render  the  employment  of  such  a 
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method  consistent  with  a  due  regard  for  tho  economy  of 
fuel. 

For  tho  most  economical  method  of  burning  slack  without 
producing  smoke,  mechanical  firing  must  bo  resorted  to.  TMl 
enables  a  small  and  regular  supply  of  fuel  to  bo  introduced 
without  the  admission  of  too  much  air  ;  in  fact,  tho  supply  of 
air  may  by  more  than  one  method  of  mechanical  firing  bo  tco 
much  restricted,  and  cause  a  waste  of  heat  by  the  production  of 
oarbonic  oxide.  This  is,  however,  seldom  tho  case  and  tho  error 
of  having  too  thin  and  open  a  fire,  which  allows  too  much  air  to 
pass  off  unburnt,  is  tho  rule. 

The  steady  evaporation  ensured  by  a  good  arrangement  ^f 
mechanical  firing  is  sometimes  a  serious  objection  to  its  employ- 
ment, where  tho  quantity  of  steam  required  varies  (prickly  and 
to  a  considerable  amount.  Another  objection  urged  against 
most  systems  of  mechanical  firing  is  that  the  speed  of  evapora- 
tion is  inferior  to  hand  firing.  This  can  in  must  cases  bo  ob- 
viated by  altering  tho  rate  of  feeding,  thickness  of  fire,  and 
details  of  furnace. 

With  good  round  coal,  hand  firing  is  preferable  to  any  de- 
scription of  mechanical  tiring,  with  respect  to  both  rapidity  and 
economy  of  evaporation,  whilst  very  little  skill  is  required  for 
a  satisfactory  prevention  of  smoke  when  there  is  sufficient  boiler 
power. 

The  size  of  tho  perforations  for  tho  admission  of  air  through 
the  furuaco  front  should  not  exceed  \"  diameter,  and  the  sum 
of  their  areas  should  not  bo  less  than  li"  per  square  fout  of  lire 
grate,  and  in  somo  cases  requires  to  be  as  much  as  5"  per  square 
foot  of  grate  surface. 

Perforated  dead-plates  aro  sometimes  used  with  advantage, 
and  in  many  cases  when  the  supply  entering  by  the  perforations 
is  not  sufficient  for  consuming  the  smoke,  tho  furnace  door  may 
be  left  ajar  for  a  minute  or  two  after  firing. 

As  to  whether  the  admission  of  air  above  the  fire  requires  to 
be  regulated  for  the  different  stages  of  combustion,  there  is  a 
diversity  of  opinion.  It  is  contended  that  as  tho  largest  amount 
is  required  when  the  gases  are  evolved  immediately  after  firing, 
the  quantity  admitted,  when  constant,  must  be  too  great  for 
the  last  stages  of  combustion  if  merely  sufficient  for  the  first, 
and  a  loss  of  heat  must  be  the  result.  This  argument  applies 
with  greatest  force  to  the  spreading  system,  where  the  requisite 
quantity  of  air  after  charging  is  greatest,  and  where  the  escape 
of  the  gases  is  soonest  completed.    But  when  the  coking  system 
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is  employed  the  evolution  of  the  hydrocarbons  is  more  gradual 
and  continues  for  some  length  of  time,  during  the  whole  of 
which  the  admission  of  air  is  necessary.  Experiments,  recorded 
by  Peclet,  on  a  boiler  with  provisions  for  admitting  air  above 
the  fuel,  having  an  area  of  '16  the  air  space  of  the  fire  grate, 
showed  that  the  quantity  introduced  through  the  bars  imme- 
diately after  each  charge  was  very  small ;  that  the  quantity 
increased  as  the  coal  became  converted  into  coke,  and  at  the 
end  of  the  interval  between  firing  it  was  about  four  times  as 
great  as  at  the  beginning.  The  quantity  of  air  admitted  by 
the  openings  above  the  fuel  remained  nearly  constant. 

These  results  distinctly  show  that  with  any  but  the  coking 
system  of  firing,  the  air  admission  above  the  fuel  should  only 
last  until  the  hydrocarbons  are  expelled,  that  is,  two  or  three 
minutes  after  firing. 

With  a  constant  admission  of  air  to  the  upper  part  of  the 
furnace,  even  on  the  coking  principle,  the  speed  of  evaporation 
is  usually  diminished,  although  smoke  is  prevented.  This  is 
why  so  many  engineers  and  firemen  object  to  the  plan  of  ad- 
mitting air  above  the  fire. 

The  difficulty  caused  by  the  diminution  in  the  speed  of 
evaporation  points  to  the  greatest  obstacle  economical  smoke- 
preventors  have  to  contend  with,  namely,  the  want  of  sufficient 
boiler  power.  There  are  many  boilers  worked  so  hard  that  the 
admission  of  air  above  the  fuel  in  barely  sufficient  quantity  to 
prevent  smoke,  reduces  the  rate  of  evaporation  below  that  re- 
quired. Boilers  working  under  such  conditions  are  burning 
their  fuel  with  a  great  waste,  and  although  the  evaporation 
may  be  rapid  it  is  at  a  sacrifice  of  economy.  On  the  other 
hand,  the  fact  of  the  necessity  of  having  so  much  boiler  power, 
shows  that  the  cooling  effect  of  admitting  a  considerable  quan- 
tity to  prevent  smoke  may  not  always  be  economical. 

The  fact  is,  that  in  many  cases  no  economical  gain  has  been 
obtained  by  a  complete  smoke-prevention  but  just  the  reverse. 
This  may  be  accounted  for  on  the  supposition  that  the  increase 
of  heat  due  to  the  burning  of  the  hydrocarbons  is  sometimes 
counterbalanced  by  the  lowering  of  the  temperature  by  the  ex- 
cess of  air  after  the  fuel  is  converted  into  coke,  or  that  there  is 
an  excessive  admission  of  air  when  the  hydrocarbons  are  evolved, 
or  that  the  facilities  for  mixing  the  air  with  the  gases  at  th'j 
right  time  and  place  are  insufficient.  Peclet  records  some  ex- 
periments where  it  was  found  that  so  long  as  there  was  a  larger 
volume  of  carbonic  acid  than  free  oxygen  in  the  escaping  cur- 
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rent,  tho  sinoko  was  thick  ;  that  it  began  to  clear  when  the  two 
volumes  were  equal,  ami  disappeared  when  the  voluDM  of  frM 
oxygen  was  equal  to  twice  that  of  the  carbonic  acid. 

It  is  frequently  found  necessary  to  shorten  the  fire  grate  in 
order  to  maintain  the  evaporative  economy,  when  a  furnace  is 
altered  with  a  view  to  prevent  smoke  by  admitting  air  directly 
to  tho  gases  evolved  from  the  coal.  In  very  many  boilers  tho 
length  of  fire  grate  is  excessive.  Whenever  it  exceeds  0  feet  it 
is  almost  certain  to  be  productive  of  waste,  as  the  grata  beyond 
this  length  is  beyond  tho  control  of  the  stoker  in  the  majority 
of  furnaces.  Indeed,  there  are  thousands  of  boilers  working 
with  G-foot  grates,  which  might  with  great  advantage  be  redu  1 
by  from  12  to  24  inches  in  length.  A  large  grate  by  burning 
more  fuel  will  raise  more  steam  in  a  given  time  than  a  smaller 
grate,  but  tho  increase  of  evaporation  will  not  be  proportionate 
to  tho  increased  quantity  of  fuel  consumed.  The  shorter  tho 
grate  tho  more  economical  will  bo  tho  consumption.  In  fact, 
the  economical  limit  to  shortening  the  grate  is  only  fixed  by  the 
power  of  producing  sufficient  steam  without  burning  the  coal 
too  rapidly  for  complete  combustion,  by  distressing  the  tiro  with 
too  frequent  stirring. 

Cases  aro  to  be  found  whoro  tho  difficulty  of  keeping  a  very 
largo  grato  covered  increases  so  rapidly  with  the  strength  of  tho 
draught,  that  tho  production  of  steam  is  actually  reduced  as  tho 
draught  is  increased,  in  spite  of  tho  greater  consumption  of  fuel. 
This  is  owing  to  tho  quantity  of  unburnt  air,  which  passes 
through  one  portion  of  the  grate,  increasing  more  rapidly  than 
tho  quantity  of  heat  geuerated  ou  the  rest  of  the  grate.  In 
such  cases  a  reduction  of  the  size  of  the  grate,  or  force  of  tho 
draught,  will  bo  followed  both  by  speed  and  economy  of  evapo- 
ration, and  less  attention  will  be  required  in  firing. 

The  bars  of  internally  fired  boilers  are  frequently  placed  too 
high,  the  advantages  of  a  large  combustion  space  to  aid  tho 
mixing  of  tho  air  with  the  hydrocarbons,  of  a  largo  furnace 
surface  for  absorbing  the  radiant  heat  from  the  fuel,  and  of  a 
thick  fire  for  burning  all  kinds  of  good  steam  coal,  being  too 
frequently  sacrificed  for  the  single  advantage  of  an  inch  or  two 
more  width  of  grate. 

The  distance  of  the  bars  from  the  bottom  of  externally  fired 
boilers  may  be  varied  within  considerable  limits,  according  to 
the  size  of  boiler,  intensity  of  draught,  nature  of  coal,  and 
thickness  of  fire.  A  distance  of  14"  or  1G"  from  the  surface  of 
the  fire  to  the  boiler  plates  appears  to  be  about  the  best  average 
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height.  By  increasing  the  distance  much  of  the  effect  of  the 
radiant  heat  is  lost,  and  by  bringing  the  fire  too  near  the  boiler 
there  is  a  liability  of  damaging  the  plates,  and  of  extinguishing 
the  flame,  impairing  the  combustion,  and  producing  smoke. 

The  weight  of  fuel  in  pounds  per  hour  burnt  on  each  square 
foot  of  grate  is  termed  the  rate  of  combustion,  and  depends 
upon  the  draught  and  combustibility  of  the  fuel.  The  rate  of 
combustion  varies  with  different  classes  of  boilers,  and  in  dif- 
ferent districts.  The  following  may  be  taken  as  the  average 
practice  with  semi-bituminous  coals. 

lbs.  per  square  foot 
of  grate  per  hour. 

Lowest  rate  of  combustion  in  Cornish  boilers  4 
Usual  rate  in  Cornish  boilers  .  .  .10 
Usual  rate  in  externally  fired  and  internally 

fired  Factory  boilers       .        .        .  10  to  18 

Usual  rate  in  Marine  boilers      .        .        .  14  to  2  G 
in  Locomotive  boilers,  with  blast 

pipe    .        .        .        .        .        .  CO  to  130 

The  maximum  rate  of  combustion  of  semi-bituminous  steam 
coal,  with  air-admission  through  the  grate  and  above  the  fire 
and  with  chimney  draught,  is  about  40  lbs.,  but  the  evaporative 
economy  decreases  rapidly  with  a  combustion  exceeding  30 lbs. 
The  maximum  rate  of  slightly-bituminous  steam  coal  with  air- 
admission  through  the  grate  only  is  about  35  lbs.,  but  even 
below  this  rate  the  intense  heat  given  out  by  these  coals  has 
been  found  to  fuse  the  bars  rapidly.  Their  evaporative  economy 
decreases  with  a  more  rapid  rate  of  combustion  than  26  lbs. 
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HEATING  SURFACE. 

This  evaporative  power  of  a  boiler  mainly  depends  upon  the 
efficiency  of  its  heating  surface,  whose  duty  is  to  transfer  the 
heat  from  the  products  of  combustion  without  to  the  water 
within. 

The  heat  is  communicated  to  the  transmitting  surface  in  two 
different  ways, — by  radiation  and  by  contact  ;  and  from  two 
or  three  different  hot  masses  in  the  furnace,  viz.,  the  solid  in- 
candescent fuel,  the  flame,  and  the  hot  gases  produced  by  com- 
bustion. Beyond  the  furnace  bridge  or  tube  plate  the  heat  is 
imparted  by  contact  and  radiation  from  the  Hume  and  gases 
only. 

The  amount  of  heat  transmitted  by  radiation  from  one  body 
to  another  diminishes  as  the  square  of  the  distance  between  the 
bodies  increases.  The  effect  on  any  surface  is  also  diminished 
by  any  increase  in  the  inclination  at  which  the  rays  fall 
upon  it. 

The  radiation  from  solid  incandescent  fuel  is  greater  than 
from  flame,  whilst  transparent  hot  gases  scarcely  radiate  any 
heat  at  all.  The  more  intense  the  contact  heat  of  the  flame 
by  thorough  mixture  with  the  air,  the  less  is  the  heat  by 
radiation. 

Conduction  is  the  transfer  of  heat  either  between  the  par- 
ticles of  the  same  body,  or  between  the  parts  of  different  bodies 
in  contact,  and  it  is  distinguished  respectively  as  internal  and 
external  conduction.  The  rate  at  which  the  former  takes  place 
in  metal  plates  is  very  much  greater  than  the  latter,  where  the 
heat  passes  from  the  hot  mass  to  the  plates,  and  from  thes? 
again  to  the  water. 

The  efficiency  of  any  heating  surface  may  be  defined  as  tho 
proportion  borne  by  the  amount  of  heat  it  transmits  to  the 
whole  amount  available  for  transmission,  and  in  this  sense  the 
term  efficiency  will  be  here  used.  The  conditions  on  which 
this  efficiency  depends  are  as  follows  ; — 
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1 .  The  extent  of  surface  acted  upon  by  the  heat  and  in  con- 
tact with  the  water. 

2.  Its  position  and  arrangement  with  respect  to  the  heating 
medium  on  one  side  and  the  water  on  the  other. 

3.  The  nature,  condition,  and  thickness  of  the  solid  body 
forming  the  heating  surface. 

4.  The  difference  of  temperature  between  the  heat  on  one 
side  of  the  solid  body  and  the  water  and  steam  on  the  other. 

5.  The  time  allowed  for  the  transmission  of  heat. 

0.  The  nature  of  the  heating  medium,  and  the  manner  in 
which  the  heat  is  communicated,  whether  from  incandescent 
fuel,  flame,  or  heated  gas,  and  whether  the  heat  is  communi- 
cated by  radiation  or  by  contact. 

1.  In  estimating  the  extent  of  heating  surface  it  is  customary 
to  take  the  whole  area  of  furnace,  combustion  chamber,  flu9s, 
water  tubes,  &c,  in  contact  with  the  heat  on  one  side  and  the 
water  and  steam  on  the  other,  and  to  consider  the  evaporative 
power  of  the  boiler  as  proportional  to  the  total  number  of  square 
feet  of  surface  thus  found.  It  is  evident  this  method  would  be 
correct  if  every  unit  of  heating  surface  possessed  the  same 
transmitting  value.  As  we  shall  presently  see,  however,  this  is 
not  the  case,  and  although  the  efficiency  of  the  surface  may  be 
increased  by  extending  it,  it  does  not  follow  that  the  increase  of 
efficiency  is  in  direct  proportion  to  the  increase  of  extent,  but 
is  greatly  dependent  upon  the  other  conditions  enumerated. 

2.  Owing  to  the  low  conducting  power  of  water  the  applica- 
tion of  heat  to  its  upper  surface  is  almost  entirely  useless  for 
warming  the  mass  of  water  beneath.  Inflammable  liquids  floating 
on  water  can  be  burnt  without  raising  it  1°  in  temperature, 
whilst  generating  sufficient  heat  to  evaporate  the  whole  mass  if 
applied  below  instead  of  above. 

In  order  to  obtain  the  greatest  effect  the  heat  should  be 
applied  to  the  bottom  of  a  vessel  containing  water,  and  when 
the  heating  medium  is  inside  a  vessel  surrounded  by  water  it 
should  be  applied  to  the  crown.  In  both  cases  the  heat  is  dif- 
fused through  the  liquid  mass  by  convection.  When  water  is 
heated  it  becomes  lighter  and  ascends,  being  displaced  by  a 
descending  column  of  colder  water  ;  but  when  the  water  is  heated 
by  the  bottom  of  a  vessel  or  tube  with  which  it  is  in  contact,  on 
becoming  lighter  it  clings  to  the  surface  above  it,  and  diffuses 
no  heat  downwards. 

In  Tredgold's  work  on  the  steam  engine  it  is  recorded: — 
"  Mr.  Armstrong  found  that  a  cubical  metallic  box,  submerged 
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iu  water,  and  heated  from  within,  generated  steam  from  it? 
upper  surface  more  than  twice  as  fast  per  unit  of  area  than  it 
did  from  the  sides  when  vertical,  and  that  the  bottom  yielded 
none  at  all.  Theso  remarkable  difference!  are  owing  to  the 
difficulty  with  which  steam  separates  from  a  vertical  surface  to 
give  place  to  fresh  charges  of  water,  and  to  the  impossibility  of 
leaving  the  inverted  surface  at  all.  J5y  slightly  inclining  the 
box  the  elevated  sido  much  more  easily  parted  with  the  steam, 
and  the  rate  of  evaporation  was  increased  ;  while  on  the  depressed 
sido  the  steam  hung  so  sluggishly  as  to  lead  to  an  overheating 
of  tlio  metal." 

A  flat  horizontal  surface  not  too  far  above  the  layer  of  fuel 
is  usually  considered  to  bo  the  most  favourable  for  raising 
steam.  By  being  made  concave  to  the  fire  it  has,  however,  the 
further  advantages  of  being  still  better  adapted  for  receiving 
the  radiant  heat ;  of  facilitating  the  access  of  fresh  supplies  uf 
water  to  replaco  the  heated  ascending  particles,  and  thereby 
promoting  the  circulation  ;  of  boiling  oil'  tin*  matters  deposited 
from  the  water,  and  so  preventing  incrustation  ;  and  of  being 
stronger,  and  in  somo  cases  more  durable. 

Next  in  efficiency  to  the  flat  surface  with  the  water  above 
comes  the  sloping  surface  surrounding  the  tire,  which  is  supe  rior 
to  one  iu  a  vortical  position,  as  it  receives  the  raws  of  heat  at  a 
more  favourable  angle,  and  allows  the  steam  bubbles  to  escape 
more  freely.  The  sides  of  locomotive  fire  boxes  for  these 
reasons,  as  well  as  for  improving  the  size  of  the  usually  too  con- 
tracted water  spaces,  are  best  made  sloping,  although  the  area 
of  the  crown  is  thereby  somewhat  diminished. 

In  the  locomotive  class  of  boilers  the  fire  box  tube  plate  acts 
perhaps  as  effectively  as  the  crown  in  transmitting  the  heat  per 
unit  of  area,  tho  rapid  impingement  of  the  flame  and  hot  gases 
against  it  compensating  for  any  disadvantage  due  to  its  vertical 
position.  The  efficiency  of  the  crown  is  too  often  impaired  by 
its  top  hamper,  in  tho  shape  of  stays,  ferrules,  bolts,  Arc. 

From  what  has  already  been  stated  it  is  obvious  that  the 
value  of  any  horizontal  surface  beneath  the  nre,  whether  flat  or 
curved,  is  inappreciable,  and  not  worth  consideration  as  heating 
surface.  In  externally  fired  boilers  the  heating  surface  is 
usually  convex  to  tho  fire.  This  is  by  many  regarded  as  in- 
ferior to  a  concave  surface,  probably  because  it  is  not  so  well 
adapted  for  directly  receiving  the  radiant  heat  from  the  fire,  and 
does  not  appear  to  offer  an  equal  facility  for  circulation.  Tho 
results  obtained  from  this  description  of  surface  in  actual  work 
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do  not  appear  to  verify  this  conclusion.  The  inferior  evapora- 
tive power  usually  alleged  of  the  ordinary  externally  fired 
boiler  is,  in  great  measure,  due  to  the  dissipation  of  heat  in  the 
furnace. 

Where  the  containing  vessel  is  surrounded  by  the  heating 
medium,  as  in  water  tube  boilers,  and  in  the  "  bouilleurs"  of 
elephant  boilers,  the  top  side  cannot  be  considered  as  effective 
heating  surface,  in  consequence  of  the  manner  in  which  the 
steam  remains  in  contact  with  it.  The  efficiency  of  these  tubes 
surrounded  by  heat  should  increase  rapidly  with  the  pressure, 
since  the  space  occupied  by  the  steam  will  decrease  as  the  pres- 
sure is  augmented,  and  the  circulation  will  be  improved.  The 
sides  hold  an  intermediate  position  between  the  top  and  bottom, 
which  latter  may  be  taken  as  completely  effective  in  absorbing 
and  transmitting  the  heat.  Taking  the  efficiency  of  the  top  as 
0,  and  that  of  the  bottom  as  1,  that  of  each  of  the  two  sides 
will  consequently  be  |,  and  the  average  of  the  whole  circum- 
ference 

0  +  i  +  ^  +  l, 


showing  that  the  whole  surface  utilises  only  one  half  the 
quantity  of  heat  it  would  utilise  if  it  were  all  equally  as  effective 
as  the  bottom.  In  like  manner  the  effective  area  of  a  tube 
internally  heated  will  be  found  to  be  only  one-half  its  total 
area.  In  plain  cylindrical  externally  fired  boilers  only  the 
under  half  of  the  circumference  is  exposed  to  the  heat,  whilst  in 
an  internally  fired  tubular  boiler  the  whole  surface  of  the  tube 
beyond  the  bridge  (when  clean)  is  exposed.  If  we  take  the 
ratio  of  the  diameter  of  the  externally  heated  boiler  and  inter- 
nally heated  tube  as  2  :  1,  the  whole  surface  exposed  will  be 
equal  in  both  for  a  given  length  of  boiler,  but  the  effective 
surface  will  be  in  the  ratio  of  3  :  2  in  favour  of  the  externally 
fired  boiler. 

On  leaving  the  furnace  the  flame  and  hot  gases  come  in 
contact  with  heating  surface,  which  may  consist  of  internal 
tubes  of  widely  different  sizes,  and  of  elliptical,  circular,  or  rec- 
tangular cross  section  ;  combustion  chambers  ;  horizontal,  in- 
clined, or  vertical  water  tubes  ;  and  the  flat  or  round  ends 
and  curved  bottoms  and  sides  of  the  boiler  shell.  As  we 
have  already  seen,  the  upper  portion  of  horizontal  internal 
tubes  forms  the  most  effective  evaporating  surface,  the  flame 
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and  hottest  portions  of  tho  gases  coming  in  contact  with  it  on 
one  side,  and  the  steam  escaping  readily  from  the  other.  The 
upper  surface  of  the  tube  on  the  fire  side  is  kept  tolerably  clean 
by  the  intense  heat  and  current  of  hot  air  when  tho  draught  is 
not  sluggish.  The  water  side  is  kept  comparatively  free  of 
incrustation  when  tho  deposited  matters  carried  up  by  tho 
ebullition  are  not  prevented  from  passing  away  and  settling 
where  the  water  is  quiet.  For  this  reason,  and  also  to  allow 
the  rising  steam  to  escape  freely,  sufficient  space  should  be  left 
between  the  tubes  in  a  multitubular  boiler, — about  ^  their 
diameter.  For  facility  of  cleaning  or  washing  out,  and  also  to 
facilitate  the  escape  of  the  steam  as  it  is  generated,  a  cluster  of 
small  horizontal  tubes  are  best  arranged  in  vertical  rows,  ami 
not  zig-zag,  or  in  rows  running  at  an  angle  of  oO  or  00°,  which 
is  done  for  the  sake  of  getting  the  greatest  possible  number  of 
tubes  in  a  given  area  of  tube  plate, 
-f-  The  crowding  of  tubes  in  multitubular  boilers  is  often  carried 
to  an  extreme,  especially  in  the  locomotives  on  some  of  the  Con- 
tinental railways,  with  tho  view  of  getting  more  surface,  but 
without  regarding  tho  other  conditions  of  steam  raising.  Heating 
surface  in  tho  abstract  is  one  thing,  its  efliciency  is  another. 
Theoretically,  the  spaces  between  tho  tubes  should  increase  with 
the  distance  from  the  lowest  row  of  tubes.  In  arranging  them 
in  vertical  rows  this  can  only  bo  attained  by  decreasing  tho 
diameter  of  the  tubes  as  they  ascend,  which  i«,  however,  objec- 
tionable in  practice.  Tho  under  portions  of  the  tubes  and 
internal  flues  are  almost  worthless  for  steam  raising,  not  only 
on  account  of  the  difliculty  the  steam  has  in  escaping  from  the 
surface  on  ono  side,  but  also  in  consequence  of  tho  deposit  of 
soot,  ashes,  and  flue  dirt  which  is  the  rule  on  the  other.  The 
incrustation  also  accumulates  much  more  rapidly,  and  to  a 
greater  thickness,  on  the  under  side  than  on  the  crown  of  tubes, 
especially  of  large  diameter,  principally  on  account  of  the  com- 
paratively quiescent  state  of  the  water  in  contact  with  tho 
former. 

The  manner  in  which  the  heat  from  the  swift  current  through 
a  horizontal  tube  is  brought  in  contact  with  the  metal  is  pro- 
bably by  a  kind  of  convection.  Assuming  the  gases  entering  a 
tube  to  be  all  of  the  same  temperature,  the  particles  striking 
against  the  upper  surface  must  give  up  part  of  their  heat,  and 
in  cooling  descend  by  virtue  of  their  increased  gravity,  despite 
the  onward  and  upward  force  due  to  the  momentum  of  the  mass 
which  opposes  their  descent.    The  hot  particles  immediately 


278 


A  TREATISE  ON  STEAM  BOILERS. 


behind  and  beneath  these  will  come  in  contact  with  the  upper 
surface  a  little  further  on,  and  so  a  species  of  convection  is  kept 
up  as  the  gases  sweep  along.  This  probably  gives  rise  to  the 
undulating  and  winding  manner  in  which  flame  may  be  ob- 
served to  pass  along  a  horizontal  tube.  It  would  hence  appear 
that  the  tubes  should  be  inclined  downwards  from  the  furnace, 
instead  of  being  quite  horizontal,  in  order  to  aid  the  contact 
of  the  hot  gases  with  their  upper  surfaces.  A  very  small 
amount  of  heat  is  transmitted  by  radiation  from  the  hot  gases 
during  their  flight.  But  when  the  flue  deposit  on  the  bottom 
of  small  tubes  is  not  too  thick  to  impair  the  draught  it  may 
act  advantageously  in  robbing  the  lower  part  of  the  gases  of 
part  of  their  heat,  which,  when  sufficient  to  maintain  the  layer 
in  a  state  of  incandescence,  will  be  imparted  by  radiation  to 
the  tube  crown. 

In  horizontal  internal  flue  tubes  various  means  have  been 
devised  for  extracting  more  of  the  heat  out  of  the  gases  than 
they  will  yield  by  radiation  or  conduction  through  their  mass, 
by  breaking  the  currents  at  intervals,  and  so  bringing  fresh 
portions  of  the  gases  in  contact  with  the  plates.  This  is  perhaps 
best  effected  in  large  tubes  by  the  introduction  of  side  water 
pockets  and  central  water  tubes,  which  also  improve  the  circu- 
lation, and  at  the  same  time  may  be  made  to  impart  additional 
strength  to  the  main  tubes.  The  area  of  the  passage  is,  how- 
ever, contracted  by  these  expedients,  and  the  draught  impaired, 
which  in  some  cases  causes  a  reduction  in  the  evaporative 
velocity,  instead  of  an  increase,  which  the  application  of  the 
increased  heating  surface  is  expected  to  produce.  The  cleaning 
of  even  large  tubes  is  rendered  more  difficult  by  these  heat 
extractors,  which  circumstance  alone  very  often  more  than  coun- 
teracts any  advantage  they  would  otherwise  afford,  causing  a 
reduction  both  in  the  economy  and  rapidity  of  evaporation. 
This  difficulty  precludes  their  adoption  in  small  tubes  altogether. 
Only  the  face  of  the  water  tubes  and  pockets  against  which  the 
rapid  current  impinges  on  its  way  to  the  chimney  can  be  re- 
garded as  really  effective  heating  surface.  In  order  to  facilitate 
the  escape  of  the  steam  as  it  is  generated,  vertical  water  tubes 
should  be  made  conical,  and  no  water  tube  should  ever  be 
arranged  horizontally,  as  this  position  is  unfavourable  to  the 
circulation,  and  renders  the  escape  of  the  steam  well  nigh 
impossible. 

In  passing  up  through  vertical  tubes  the  gases  act  at  a  disad- 
vantage for  imparting  their  heat  to  the  plates.     The  particles 
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cooled  by  contact  with  tho  sides  on  entering  have  no  tendency 
to  make  way  for  those  in  the  middle  of  th'-  ciirrenl  that  still 
retain  their  heat,  which  can  therefore  only  be  indifferently  im- 
parted by  radiation  or  conduction.  Transverse  water  tubes,  or 
some  other  means  for  extracting  the  heat  from  tho  gases  by 
contact  are  necessary  adjuncts  to  vertical  boilers,  to  render  them 
anything  like  economical  steam  generators.  These  water  tubes 
should  always  be  arranged  with  considerable  inclination,  to 
allow  the  steam  to  escape  freely  along  the  upper  surface,  against 
which  it  rises  as  quickly  as  it  is  generated  at  tho  bottom,  and 
so  improve  tho  circulation.  Tho  cross  tubes  both  in  vertical  and 
horizontal  internal  fined  boilers  should  never  be  arranged  all  in 
a  lino,  but  each  tube  should  bo  set  at  an  angle  with  those  pre- 
ceding it,  so  as  to  intercept  tho  greatest  possible  amount  of  heat 
by  breaking  up  tho  current  of  hot  gases. 

Besides  greatly  adding  to  the  heating  surface,  tho  cross  tubes 
and  tho  auxiliary  vertical  tubes  sometimes  used  in  upright 
boilers  also  promote  tho  circulation  throughout  the  boiler,  and 
thus  act  indirectly  in  improving  tho  heating  surface  of  the  main 
tubes  themselves. 

3.  The  evaporative  efficiency  depends  on  tho  nature,  con- 
dition, and  thickness  of  tho  material  forming  the  heating  sur- 
face. In  a  homogeneous  plate  the  resistance  to  internal  con- 
duction is  proportioual  directly  to  the  distance  tho  heat  has  to 
traverse,  or  to  the  thickness  of  the  plate  and  inversely  to  the 
difference  of  temperatures  between  the  two  faces,  whence  tho 
quantity  of  heat  in  units  transmitted,  through  1  square  foot 
of  plate  per  hour  may  be  represented  by 


Q  = 


T  —  V 

FT 


where  T  -  temperature  of  hot  ga?es  ;  T'  =  temperature  of 
water  ;  t  —  thickness  of  plate  in  inches  ;  and  P  =  co-efficient  of 
thermal  resistance  found  by  experiment,  and,  according  to 
"Peclet,  is  '0096  for  iron  and  '0040  for  copper. 

Expressing  the  resistance  to  external  conduction  by  the 
co-efficients,  H  and  W,  which  represent  respectively  the  resist- 
Auce  to  the  absorption  of  heat  by  the  face  of  the  plate,  and 
tho  resistance  to  emission  on  the  other  side  in  contact  with  the 
water,  then  the  total  thermal  resistance,  internal  and  external, 
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is  expressed  by  P  t  -f-  IT  +  W  and  the  quantity  of  heat 
transmitted  by 

T  —  T' 
^  ~  Vt  +  II  +  W. 

From  this  expresion  it  is  evident  that  the  heat  transmitting 
power  of  the  plate  decreases  with  the  thickness  and  resistance, 
or  conversely,  increases  with  the  facility  offered  by  its  heat- 
absorbing,  conducting,  and  emitting  qualities  ;  also  that  the 
resistance  is  not  directly  proportional  to  the  thickness  or  the 
conducting  power  of  the  plate.  The  smaller  P  and  t  and  the 
larger  H  and  W  become,  so  does  the  importance  of  the  influence 
of  the  thickness  diminish.  In  consequence  of  the  great 
superiority  of  the  internal  compared  with  the  external  con- 
duction of  copper,  brass,  iron,  and  steel,  some  eminent 
authorities  conclude  that  the  small  difference  in  their  con- 
ducting powers  and  thickness  has  no  appreciable  influence  on 
the  amount  of  heat  they  transmit. 

Peclet,  who  found  that  all  metals  conduct  about  alike,  when 
their  surfaces  are  dull,  quotes  two  experiments  that  appear  to 
bear  out  this  conclusion.  One  was  with  a  boiler  of  cast-iron 
and  the  other  with  a  boiler  of  copper.  Both  were  exposed  to 
a  fierce  fire  and  plunged  into  the  flame.  Each  produced  about 
20  lbs.  of  steam  per  square  foot  of  surface  per  hour. 

Carefully  conducted  experiments,  and  the  result  of  actual 
practice,  show  that  after  the  first  few  days'  work,  with  ordinary 
impure  feed  water,  there  is  no  perceptible  difference  in  the 
evaporative  power  of  copper,  brass,  and  iron  tubes,  although 
their  relative  internal  conduction  powers  are  respectively  7 4, 
24,  12,  and  that  so  far  as  the  economical  use  of  fuel  is  con- 
cerned, there  is  no  gain  in  employing  the  dearer  metals.  The 
same  result  has  also  been  found  when  using  slightly  different 
thicknesses  of  the  same  metal.  Although  the  difference  be- 
tween the  steaming  powers  of  new  boilers  with  furnace  plates 
%  and  f-  inch  thick  is  sometimes  found  to  be  material,  it  rapidly 
disappears  as  the  plates  become  coated  over  on  both  sides. 
Layers  of  oxide,  incrustation  and  grease  on  one  side,  and  soot, 
flue  deposit,  or  the  products  from  the  slow  distillation  of  the 
coals  on  the  other,  greatly  increase  the  resistance  to  the  pas- 
sage of  the  heat.  The  conductive  powers  of  these  substances 
really  measure  the  evaporative  power  of  the  tube  or  plate  ; 
being  bad  thermal  conductors,  their  obstruction  to  the  passage 
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of  the  heet  from  the  gases  or  fuel  to  the  water  is  so  great, 
in  comparison  with  that  of  iron  or  copper  of  ordinary  thick- 
nesses, that  the  latter  loses  its  significance,  or,  In  other  words, 
the  quantities  P  and  r,  for  cither  copper  or  iron  in  tho  formula 
are  so  small,  compared  with  II  an  1  \V,  a<  not  to  be  worth 
considering. 

The  rapidity  of  tho  internal  conduction  is  greatly  dependent 
upon  the  homogeneity  and  solidity  of  the  plates,  for  all  kinds 
of  boiler  materials.  Where  much  lamination  occurs  in  the 
plates,  the  internal  may  actually  become  a  succession  of  external 
conductions,  tho  rato  of  transmission  being  In  oonsequence 
seriously  affected.  It  is  a  well-known  fact  that  },"  and 
furnace  plates  are  much  moro  liable  to  fracture  and  become 
otherwise  injured  from  excessive  heating  than  ,V'  and  :\"  plates. 
This  is  sometimes  adduced  as  a  proof  of  the  inferior  evaporating 
powers  of  thick  plates  ;  but  it  does  not  follow  that  the  in- 
feriority is  appreciable  in  tho  amount  of  water  evaporated. 
The  manner  in  which  the  injury  to  thick  plates  comes  about 
is  as  follows — when  the  plato  is  homogeneous  and  uniform,  tho 
conduction  between  tho  two  faces  will  be  uniform  throughout,  tho 
temperature  being  highest  on  tho  fire  side  and  diminishing 
gradually  to  the  other  side,  where  it  is  lowest.  The  difference 
will  bo  in  proportion  to  tho  thickness.  Assuming  the  lace  in 
contact  with  tho  water  to  bo  maintained  at  a  oonstsnt  tempera- 
ture, it  follows  that  tho  other  face  will  be  more  and  moro 
heated  as  tho  thickness  is  increased,  and  consequently  more 
liablo  to  injury  from  sudden  cooling.  If  the  Internal  faee, 
instead  of  being  in  contact  with  water,  is  OOYered  with  scale, 
or  the  plate  is  laminated,  or  a  double  thickness  occurs,  the 
thermal  resistance  may  bo  indefinitely  increased,  and  the  liabi- 
lity to  injury  by  tho  plate  attaining  a  very  high  temperature 
seriously  aggravated.  This  is  proved  by  tho  bursting  of 
blisters  and  the  fracturing  of  the  lap  edges  through  the  rivet 
holes.  Formerly,  when  tho  difficulty  of  rolling-boiler  plates 
increased  with  their  thickness,  the  more  frequent  presence  of 
lamination  in  thick  plates  would  probably  have  much  to  do 
with  their  alleged  increased  resistance  to  thermal  conduction. 
The  difficulty  of  obtaining  sound  boiler  plates  j"  thick, 
and  even  more,  is,  however,  no  longer  to  bo  considered 
general 

It  is  said  that  the  thickness  of  the  wrought-iron  fire  box 
plates  in  American  locomotive  boilers  is  diminished  gradually, 
by  tho  action  of  the  heat,  until  they  are  about  which 
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appears  to  be  the  thickness  that  transmits  the  heat  with  just 
sufficient  rapidity  to  keep  the  surface  on  the  fire  side  below  a 
wasting  temperature.  This  wasting  does  not  take  place  to  so 
great  a  degree  with  copper  plates,  owing  to  its  superior  internal 
rate  of  conduction,  T7g-  inch  being  the  thickness  which  corres- 
ponds in  this  respect  to  the  ^  inch  iron.  It  is  obvious,  how- 
ever, that  the  impurities  in  the  fuel  and  water  and  local  action 
of  the  draught  will  affect  the  thickness  of  the  plate,  quite 
independently  of  its  conducting  power. 

It  is  the  opinion  of  some  experienced  boiler  inspectors  that 
thick  furnace  plates,  both  vertical  and  horizontal,  receive  a 
slightly  thicker  coating  of  incrustation  than  thin  plates,  under 
exactly  similar  conditions  of  temperature,  water,  &c.  This 
can  only  be  accounted  for  on  the  supposition  that  the  ebullition 
over  the  thicker  plates  is  less  intense,  which  would  appear  to 
prove  their  inferior  evaporative  value. 

4.  In  coming  in  contact  with  the  first  unit's  length  of  heat- 
ing surface  the  gases  part  with  a  portion  of  their  heat,  they 
will  consequently  have  a  diminished  amount  for  the  next  unit's 
length,  and  this  will  be  still  further  reduced  by  contact 
with  fresh  surfaces,  so  that  each  successive  portion  transmits  a 
gradually  diminishing  quantity  of  heat,  until  the  gases  escape 
with  a  certain  excess  of  temperature  above  that  of  the  water. 
It  is  usually  stated  that  the  quantity  of  heat  so  transmitted 
by  the  plate  or  tube  is  in  direct  proportion  to  the  difference 
in  temperature  between  the  heating  medium  on  one  side  and 
the  water  on  the  other.  This  conclusion  must,  however,  be 
received  with  some  qualification.  If  the  hot  gases  and  air 
passing  through  a  tube  possessed  the  property  of  imparting  their 
diminishing  heat,  under  similar  conditions  and  in  a  uniform 
manner  throughout,  and  if  the  resistance  to  conduction  offered 
by  the  heating  surface  were  uniform  for  its  entire  length,  it  is 
probable  that  the  heat  imparted  at  each  point  in  its  passage 
would  be  nearly  in  direct  proportion  to  the  difference  of  tem- 
perature. Assuming  the  gas  to  enter  the  tube  at  1800°  and 
at  each  successive  stage  to  impart  -J-  of  the  difference  of 
temperature  to  the  water  at  212°,  we  should  have  the  first 
amount  transmitted 

1800°  —  212° 

 =  264°. 


The  gas  arrives  at  the  next  point  with  a  temperature  of  1800°— 
264°  =  1536°,  the  amount  utilised  in  this  case  will  be 
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153G°  —  212° 


6 


=  221° 


Tho  temperaturo  at  the  next  stage  will  be  153G° —  221 0  -  1315°, 
and  bo  on,  for  each  successive  steps,  until  tho  gases  escape  at 
850°,  as  shown  in  fig.  23. 

Fig.  23. 
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But  the  manner  in  which  tho  heat  is  transmitted  by  tho 
gases  is  not  tho  same  throughout.  At  that  end  of  tho  tube 
whoro  thoy  enter  the  heat  is  imparted  to  tho  metal  directly 
by  tho  hot  gases  in  contact,  which  arc  thereby  rapidly  oooled 
down,  and  tho  heat  for  the  remaining  length  of  tube  must, 
in  some  measure,  be  transmitted  by  radiation  or  conduction 
from  tho  hotter  particles,  at  the  axis  of  the  tube,  through 
tho  cooler  mass,  which  now  surrounds  them,  or  by  convection, 
as  statod  at  page  277.  As  the  transmission  of  heat  by  radiation 
and  conduction  requires  time,  and  is  almost  nil  with  hot  air  and 
transparent  hot  gases,  it  appears  then  that  the  heat  near  tho 
exit  end  must  bo  imparted  mainly  by  convection,  and,  there- 
fore, at  a  comparative  disadvantage,  and  hence  tho  evaporative 
duty  of  opposite  ends  of  the  tube  will  not  be  in  direct  propor- 
tion to  tho  difference  between  tho  temperatures.  The  amount 
of  heat  imparted  as  tho  gases  are  cooled  down  will  not  be  so 
great  as  wre  obtained  above,  nor  will  the  temperature  of  tho 
escaping  gases  be  so  low. 

If  this  be  the  caso  when  air  is  the  heating  medium  throughout, 
the  difference  in  the  proportion  of  the  quantity  of  heat  imparted 
at  opposite  ends  will  be  much  greater  when  flame  is  drawn  through 
a  tube  or  along  tho  bottom  of  a  boiler,  for  a  short  distance, 
owing  to  the  great  superiority  that  flame  possesses  over  hot  air 
as  a  heating  agent  under  tho  circumstances  we  are  con- 
sidering. 

According  to  Professor  Rankine,  when  the  difference  between 
the  heat  of  the  gases  and  the  water  is  very  great,  the  rate  of 
conduction  increases  faster  than  the  simple  ratio  of  that  dif- 
ference, aud  is  nearly  proportional  to  the  square  of  the  difference 
of  temperature.  The  rate  of  conduction  in  thermal  units  for 
plates  and  tubes  per  square  foot  of  surface  per  hour  may  be 
expressed  by 
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Q  -  (T  — T')* 
a 

where  T  and  T'  represent  the  temperatures  of  the  two  fluids, 
which  are  respectively  in  contact  with  the  two  faces,  and  a  is 
a  constant,  which,  lying  between  160  and  200,  agrees  very 
well  with  the  results  of  experiments  on  the  evaporative  power 
of  boilers. 

The  above  considerations  will  lead  us  to  expect  a  very  small 
evaporative  duty  from  the  exit  end  of  long  tubes,  or,  generally, 
from  heating  surface  where  the  temperature  of  the  gases  is  very 
much  reduced,  or  the  heating  medium  is  changed  from  flame  to 
heated  air  and  steam,  and  no  surprise  will  be  caused  by  the  results 
of  various  experiments  that  have  been  made  from  time  to  time, 
to  prove  the  superiority  of  firebox  surface  to  tube  surface.  Ir 
1830  Stephenson  found  that  in  a  locomotive  boiler,  open  to  the 
atmosphere,  and  with  the  firebox  separated  by  a  plate  from  the 
barrel,  that  one  foot  of  firebox  was  equivalent  to  three  of  tube 
surface.  In  1840  Mr.  Dewrance  modified  the  experiments  by 
dividing  the  barrel  of  .a  small  locomotive  boiler  into  six  com- 
partments, that  next  the  firebox  being  6"  long,  and  the 
remaining  five  compartments  each  12"  long.  The  results 
found  were  that  the  first  six  inches  of  tube  were  equal,  area 
for  area,  to  the  firebox  surface  ;  the  second  compartment  was 
ouly  about  one-third  as  effective,  while  in  the  remaining  four 
compartments  the  evaporation  was  so  small,  according  to  the 
experiments,  as  to  be  practically  useless. 

In  1858  Mr.  C.  W.  Williams  experimented  on  a  small  open- 
topped  boiler,  4'  6"  long,  having  a  3"  tube  passing  through 
it.  The  boiler  was  divided  into  five  compartments,  the  first 
being  6"  and  the  rest  12"  in  length.  The  heat  was  supplied 
by  means  of  a  gas  burner,  placed  in  one  end  of  the  tube, 
bent  down  at  a  right  angle.  In  a  trial  of  four  hours  the 
water  evaporated  from  44°  was  in  the  five  compartments 
severally  96,  44,  24,  19,  and  16  ounces  ;  and  although  the 
temperature  of  the  escaping  products  of  combustion  was  about 
500°,  that  of  the  water  in  the  last  compartment  was  only 
170°.  In  another  trial  of  four  hours  with  the  same  boiler, 
from  an  initial  temperature  of  about  190°,  the  results  were 
98,  44,  32,  23,  and  17  ounces  evaporated.  The  temperature 
of  the  water  in  the  last  compartment  fell  to  170°,  showing 
that  the  absorption  was  less  than  the  radiation  of  heat,  which, 
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however,  would  not  have  been  the  caso  had  tho  boiler  been 
closed  in  or  protected. 

Tho  tomporature  of  the  escaping  products  was  in  this  caso 
alxmt  485°.  In  a  third  experiment  the  boiler  and  tube  were 
lengthened  to  5'  0",  and  divided  into  five  equal  compart- 
ments, 12"  long,  and  a  strong  coke  fire  was  substituted  for 
tho  gas  jet.  In  a  trial  of  three  hours  the  quantities  evapora- 
ted from  50°  were  117,  02,  73,  04,  and  03  ounces,  tho  pro- 
ducts escaping  at  a  temperature  of  800°,  whilst  the  tempera- 
ture of  tho  water  in  tho  last  division  did  not  exceed  20GJ  at 
the  conclusion  of  tho  trial. 

About  1804  some  further  trials  were  undertaken  with  a 
multitubular  boiler  5  feet  long.  Tho  tubes  were  divided  oil' 
into  G  lengths  by  plates  at  intervals.  Tho  compartment  next 
to  tho  tube  plato  was  only  1"  long,  the  second  10  ,  and  the 
four  remaining  wore  12"  in  length  each.  The  following 
quantities  of  water  were  found  to  havo  been  evaporated,  after 
three  hours'  work  : — 

Compartment  No.  1  (  1"  long) 

„  a  (io"  ,,  ) 

3  (12"  ||  ) 

(12"  ||  ) 

^  (12"  „  ) 

„   0  (12"  „  ) 

As  there  were  no  separate  means  of  measuring  the  quantity 
evaporated  by  the  tube  plate,  the  largo  amount  given  for  tho 
first  length  of  l"  was  in  reality  partially  due  t  >  tube  plato 
surface.  The  decreasing  value  of  each  succeeding  length  need 
occasion  no  surprise,  although  the  exact  manner  of  decrease 
in  each  case  is  not  very  clear. 

From  these  and  other  experiments  it  has  by  many  been 
erroneously  concluded  that  in  boilers  having  long  tubes,  say  10 
feet  or  more,  only  the  first  12  "  or  20  "  of  length  is  of  material 
evaporative  value.  The  results  of  the  experiments  were  how- 
ever obtained  under  conditions  very  different  from  those  under 
which  the  tube  is  employed  in  practice,  the  principal  difference 
being  the  absence  of  the  strong  draught  which  draws  the 
flame  through  the  tubes,  especially  in  a  locomotive  boiler.  The 
stronger  the  draught  the  greater  will  be  the  temperature  of  the 
escaping  gases,  and  consequently  the  greater  the  waste,  but  by 
pulliug  the  flame  through  the  tube  the  value  of  the  heating 


—  4G  ounces. 

—  80  „ 

  OO 

 '  Jl 

—  18  „ 

—  17  „ 
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surface  is  more  equalised  for  the  whole  length  and  the  rapidity 
of  evaporation  greatly  increased.  The  stronger  the  draught  the 
greater  the  velocity  of  the  current  of  gases,  and  as  we  shall 
presently  see,  the  greater  should  be  the  length  of  the  tubes  to 
allow  time  for  absorbing  the  heat.  Experience  proves  that  in 
boilers  at  work  all  the  tube  surface  is  important  for  speed  of 
evaporation,  provided  the  draught  is  suitably  increased  with 
the  length  of  tube. 

The  great  superiority  of  the  furnace-heating  surface,  both  in 
locomotive  and  other  types  of  boilers,  is  no  doubt  greatly  owing 
to  the  radiant  heat  from  the  incandescent  fuel  being  principally 
absorbed  here.  According  to  Peclet,  the  proportion  of  radiant 
heat  from  red-hot  coal  may  be  taken  as  0*5  of  the  total  heat  of 
combustion.  The  greatest  quantity  of  this  is  given  out  upwards, 
and  but  very  little  is  absorbed  by  the  hot  air,  except  what  is 
not  taken  up  by  the  plates  against  which  it  radiates,  in  the 
same  manner  as  our  atmosphere  is  only  warmed  by  the  earth 
and  not  by  the  sun's  rays  which  pass  through  it. 

If  we  assume  that  f  of  the  total  heat  from  the  incandescent 
fuel  is  absorbed  by  the  furnace  plates,  and  J  is  carried  off  by 
the  escaping  gases  for  producing  the  draught,  we  have  only 
f  left  for  absorption  by  the  heating  surface  of  the  flues  or 
tubes,  and  owing  to  the  heat  being  more  favourably  circum- 
stanced for  absorption  by  the  surface  near  the  furnace  there 
remains  but  little  heat  to  be  extracted  by  the  surface  at  a 
distance  from  the  fire.  The  tube  surface  is  of  most  value  for 
transmitting  the  heat  from  the  flame  which  comes  in  contact 
with  it,  and  its  value  is  least  when  the  fuel  burns  without 
flame. 

The  comparatively  small  heating  power  at  the  escaping  ends 
of  the  tube  in  the  experiments  is  only  what  we  might  expect 
when-  the  hottest  portions  of  the  gases  are  not  brought  into 
direct  contact  with  the  plates.  There  are  many  cases  where  the 
tube  surface  has  been  replaced  by  combustion  chambers,  pre- 
senting a  less  amount  of  transmitting  area  for  the  flame,  but 
allowing  a  better  mixture  of  the  gases  and  a  more  perfect  com- 
bustion, yet  a  loss  of  evaporative  power  has  generally  been  the 
result,  showing  that  the  value  of  the  tube  surface  had  been 
underrated. 

On  the  other  hand,  increasing  the  heating  surface  by  placing 
numerous  tubes  at  the  back  end  of  long  internally  6red  boilers 
has  led  to  disappointment,  no  benefit  having  resulted  from  it, 
in  great  measure  owing  to  the  reluctance  with  which  the  hot 
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gases  give  up  thoir  hoat,  and  in  consequence  of  the  retarding  of 
the  draught  by  the  contracted  area  of  the  tabes;  There  h  also 
another  important  circumstanco  that  operates  itronglj  against 
the  evaporative  power  of  tho  back  ends  of  long  tubular  boilers 
of  all  classes  where  bad  feed  water  is  used,  except,  perhaps,  in 
locomotives.  The  parts  of  the  boiler  on  which  tho  incrustation 
is  most  thickly  and  rapidly  deposited  is  where  the  water  is 
quietest,  or  the  ebullition  least  violent,  and  consequently  where 
the  least  amount  of  heat  is  absorbed.  This  amount  of  incrus- 
tation increases  with  tho  ago  of  the  boiler,  and  ai  the  resigtanco 
to  thermal  conduction  increases  in  proportion,  it  is  obvious  that 
the  rate  of  conduction  will  decrease  in  a  still  more  rapid  ratio 
than  the  square  of  tho  difference  in  temperature  between  the 
two  faces.  In  many  cases  of  externally  and  internally  fiied 
boilers,  the  decrease  in  tho  rate  of  conduction  and  evaporation 
cannot  bo  loss  than  tho  cube  of  that  diflerenoe. 

It  is  evident  from  what  has  already  been  stated  that  we  must 
at  last  arrive  at  a  point  where  no  useful  effect  can  b  i  gained  by 
still  further  increasing  tho  heating  surface.  rI  his  point  is  not 
always  determined  alone  by  the  difference  of  temperature  between 
the  two  fluids,  which  at  any  point  depends  in  great  ineasuro 
upon  the  force  of  tho  draught,  but  is  governed  also  by  tho 
nature  of  tho  heating  medium,  position  of  heating  surface  and 
its  resistance  to  conduction.  Where  there  is  no  means  of 
improving  the  draught  there  is  a  positivo  Lost  in  having  too 
extended  a  heating  surface,  either  in  plates  or  tubes,  especially 
in  the  latter,  as  tho  accumulation  of  soot  that  talus  place  in 
them  impedes  the  draught,  which  again  causes  a  further  deposit 
of  soot,  and  so  the  evil  goes  on  increasing. 

If  we  assumo  the  diminution  of  the  rate  of  conduction  wc 
found  at  page  283  to  be  correct,  at  the  same  rate,  by  doubling 
tho  length  of  the  tube  wo  should  have  the  tem]  erature  of  the 
escaping  gases  at  474°,  giving  an  increase  of  370  utilised  for 
evaporation  or 

370  0< 

—  24  per  cent. 

1800—212  1 

of  the  available  amount  in  the  case  we  have  considered,  but 
approximately  not  more  than  12  per  cent  if  we  take  the  tem- 
perature of  the  fire  at  3000",  the  difference  between  3000°  aud 
1800°  being  absorbed  in  the  furnace.  But  we  should  not  gain 
even  this  increase  of  power  if  we  double  the  length  of  the  boiler 


288 


A  TREATISE  ON  STEAM  BOILERS. 


in  order  to  obtain  a  corresponding  increase  in  the  length  of 
tube,  there  being  a  great  loss  of  heat  due  to  radiation  into  the 
atmosphere  from  the  boiler  shell,  which  loss  increases  directly  as 
the  length,  and  beyond  a  certain  limit  it  is  evident  that  we 
should  lose  mor*  than  we  should  gain  by  adding  to  the  length 
of  the  boiler 

On  the  other  hand,  by  reducing  the  length  of  the  boiler  too 
much,  a  large  quantity  of  heat  would  be  wasted,  owing  to  the 
excessively  high  temperature  at  which  the  gases  would  escape. 
As  a  rule  we  should  make  our  heating  surface  as  great  as 
possible,  taking  care  to  discharge  the  products  of  combustion  at 
a  sufficiently  high  temperature  to  ensure  a  good  draught  and 
not  to  waste  more  heat  by  radiation  from  the  boiler  than  is 
transmitted  by  the  heating  surface.  The  temperature  of  the 
escaping  products  should  not  exceed  600°,  which  is  about  the 
maximum  in  good  practice  and  the  best  for  ensuring  a  good 
draught. 

5.  The  evaporative  efficiency  of  a  given  amount  of  heating 
surface  depends  upon  the  time  allowed  for  the  transmission  of 
heat  through  it,  or  for  the  contact  of  the  hot  gases.  The  greater 
their  velocity,  the  less  time  have  they  for  imparting  their  heat 
to  the  plates  or  tubes  where  the  length  of  surface  is  constant. 
The  velocity  through  a  tube  may  be  increased,  either  by  reducing 
its  area,  the  total  quantity  of  gases  passing  through  remaining 
constant,  or  by  increasing  the  draught,  and  so  causing  a  greater 
amount  of  gases  to  pass  through  in  a  given  time,  the  area  of 
the  tube  remaining  unaltered.  When  the  heating  surface 
consists  chiefly  of  tubes,  as  in  the  locomotive  type  of  boiler,  the 
collective  area  of  the  tubes  may  be  diminished  without  decreasing 
the  extent  of  heating  surface,  since  the  sectional  area  varies  as 
the  square  of  the  diameter,  whilst  the  surface  measured  by  the 
circumference  diminishes  simply  as  the  diameter.  With  the 
gases  passing  at  the  same  velocity  through  two  tubes,  whose 
diameters  are  as  1:  2,  the  latter  will  be  traversed  in  a  given  time 
by  four  times  the  quantity  of  gases,  and  will  have  only  twice  the 
surface  to  absorb  the  heat.  Therefore,  to  obtain  the  same 
evaporative  economy  as  in  the  small  tube,  we  must  double  the 
length  of  the  larger,  or  generally  speaking  the  proportion 
between  diameter  and  length  of  a  tube  is  constant  for  the  saim 
evaporative  efficiency.  When  an  increased  quantity  of  gases  oi 
the  same  density  pass  through  a  tube  in  a  given  time,  although 
there  will  be  a  greater  absorption  of  heat,  there  will  still  be  a 
loss  by  the  increased  amount  of  heat  remaining  in  the  escaping 
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gasoa  ;  and  in  order  to  preserve  the  name  economy,  or  in  order 
that  tho  heat  of  the  escaping  gases  shall  remain  constant,  tho 
length  of  the  tube  must  bo  increased  in  proportion  to  tho 
increased  quantity  of  gases  passed  through. 

If  we  consider  the  heat  to  be  imparted  to  the  tube  surface  by 
radiation,  which,  however  slight,  is  probably  the  principal  mod* 
of  transfer  in  vertical  and  other  long  tubes,  where  tho  convection 
amongst  the  particles  of  gas  cannot  be  supposed  to  take  place  to 
any  great  extent,  we  may  assume  the  heat  to  be  concentrated  iu 
tho  axis  of  tho  tube,  whence  wo  find  tho  quantity  of  heat 
received  in  a  given  time  by  tho  surface  from  radiation  will  bo 
inversely  as  the  squaro  of  the  diameter.  By  doubling  the 
diameter  we  shall  have  four  times  the  quautity  of  gases  passed 
through,  and  tho  quantity  of  heat  received  in  a  given  time  will 
bo  only  ono  quarter  of  what  it  was  before,  owing  to  the  increase 
of  distance.  The  surface  being,  however,  twice  as  great,  the 
absorption  per  unit  of  length  becomes  equal  to  one- half  the 
original.  Therefore,  in  order  to  bring  the  evaporative  eiliciency 
up  to  the  original,  we  must  double  the  length  of  tube,  or 
generally  we  must  increaso  tho  heating  surface  as  the  squaro  of 
the  diameter,  in  order  to  obtain  tho  same  evaporative  efficiency 
from  radiation  when  increasing  tho  diameter  of  a  tube. 

But  if  we  reduce  tho  diameter  to  one-half,  wo  increase  tho 
absorbing  power  fourfold  per  uuit  of  surface;  the  heating  surface 
being  however  reduced  to  one-half,  tho  evaporative  power  of  the 
tube  will  bo  only  doubled,  whence  tho  tube  may  bo  reduced  to 
one -half  tho  origiual  length  and  still  retain  the  same  evaporative 
efficiency,  or,  tho  length  remaining  unaltered,  tho  quantity  of 
gases  passing  through  should  be  doubled  to  maintain  the  same 
temperature  at  the  escaping  eud,  or,  as  before,  the  efficiency  of 
each  square  foot  of  heating  surface  increases  inversely  as  tho 
square  of  the  diameter. 

When  a  fuel  is  used  which  burns  with  a  long  flame,  the 
diameter  of  the  tubes  should  not  be  too  small  to  exclude  tho 
flame  altogether  from  passing  along  them,  as  it  is  of  much  more 
evaporative  value  than  the  transparent  products  of  combustion, 
owing  to  the  small  radiating  effect  of  the  latter.  But  where  tho 
hydro-carbons  and  carbonic  oxide  can  be  sufficiently  burnt 
before  reaching  the  tubes  these  can  scarcely  be  made  too  small 
In  locomotive  furnaces  the  presence  of  the  brick  or  water  arch, 
by  retarding  the  passage  of  the  gases  to  the  tubes  and  giving 
more  time  for  the  proper  combustion  of  the  volatile  parts  of  tha 
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fuel  should  render  successful  the  application  of  still  smaller 
tubes  than  are  generally  used. 

C.  From  what  has  already  been  stated  concerning  the  small 
amount  of  heat  transmitted  by  radiation,  conduction,  and 
convection  from  the  transparent  gaseous  products  of  combustion, 
the  heating  surface,  at  a  distance  from  the  furnace,  in  order  to  bo 
effective,  should  be  arranged  to  bring  the  gases  in  direct  contact 
with  it,  by  suddenly  changing  the  direction  of  their  current,  or 
.  by  placing  water  tubes  in  their  path,  but  at  the  same  time  the 
arrangement  must  not  impair  the  draught  to  a  serious  degree. 

The  evaporative  value  of  a  square  foot  of  heating  surface 
varies  then  in  different  classes  of  boilers  as  well  as  in  the  same 
boiler,  according  to  its  condition,  nature,  position,  &c.  In 
consequence  of  this  and  the  uncertainty  of  the  other  conditions 
on  which  depends  the  evaporative  power,  there  is  considerable 
difficulty  in  determining  precisely  the  area  of  heating  surface 
necessary  for  the  production  of  a  given  amount  of  steam.  The 
simplest  way  to  estimate  the  evaporative  power  of  a  boiler  is  to 
take  the  average  duty  of  the  whole  heating  surface  found  by 
experience  for  the  various  descriptions  of  boilers  in  use.  We 
may  take  the  average  maximum  evaporative  effect  of  a  square 
foot  of  heating  surface  at  21  lbs.  of  water  per  hour,  or  one  cubic 
foot  of  water  evaporated  by  three  square  feet  of  surface.  It 
will  be  more  than  this  in  some  locomotive  fireboxes,  and  where- 
ever  a  jet  of  flame  impinges  violently  againt  the  surface,  and 
less  in  some  furnaces  of  externally  fired  boilers.  The  precise 
value  has  never  yet  been  found.  In  locomotive  boilers  the 
highest  average  value  for  the  whole  surface  in  the  boiler  is 
13*5  lbs.  of  water  from  one  foot  of  surface,  or  about  1  cubic 
foot  of  water  from  about  4 J  square  feet  of  surface ;  and  in 
ordinary  tubular  and  externally  fired  boilers  from  3  to  7  lbs., 
or  1  cubic  foot  from  21  to  9  square  feet  of  heating  surface, 
ranging  from  20  lbs.  per  square  foot  of  furnace  surface  to  a  few 
ounces  or  nil  per  square  foot  at  the  point  where  the  gases  quit 
the  boiler. 

For  a  given  description  of  boiler,  it  is  evident  the  evaporative 
efficiency  will  mainly  depend  upon  the  ratio  between  the 
quantity  of  coal  consumed  and  the  extent  of  heating  surface. 
The  quality  of  the  fuel  and  the  manner  in  which  it  is  burnt,  as 
well  as  the  condition  of  the  heating  surface,  have  necessarily  an 
important  influence  upon  the  evaporative  efficiency  and  power. 
As  we  have  already  seen,  there  may  be  considerable  latitude 
allowed  in  determining  the  ratio  of  consumption  to  heating 
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surface.  By  slightly  increasing  the  draught  and  burning  more 
fuel,  or,  in  other  words,  by  slightly  forcing  the  lire,  we  may 
materially  increase  the  speed  of  evaporation  with  a  very  small 
loss  of  economy  ;  and,  <>n  the  other  hand,  we  might  add  very 
greatly  to  the  heating  surface  without  finding  any  appreciable 
benefit  either  in  speed  or  economy. 

The  small  gain  in  economy,  accompanying  an  increase  of 
heating  surfaco,  is  most  marked  when  the  area  added  is  parallel 
with  tho  current  of  gases,  and  at  the  part  of  the  boiler  where 
they  quit  it  and  where  it  can  be  least  affective,  being  acted  upon 
only  by  tho  radiant  heat  from  tho  gases.  15ut  if  the  additional 
surface  is  placed  in  tho  furnace  so  as  to  absorb  an  additional 
quantity  of  the  radiant  heat  from  the  lire,  or  arranged  so  as  to 
receive  the  heat  of  tho  flame  and  gases  by  direct  contact,  which 
may  be  done  by  diminishing  the  diameter  and  increasing  tho 
number  of  tubes  in  a  multitubular  or  water-tube  boiler,  or  by 
placing  an  oflicient  feed-water  heater  between  the  boiler  and 
chimney  with  which  tho  gases  come  in  direct  contact,  the 
economy  may  bo  maintained  whilst  the  consumption  of  fuel  and 
speed  of  evaporation  is  increased. 

Mr.  P.  K.  Clark,  who  has  carefully  investigated  tho  relations 
of  grate  area,  heating  surface,  and  consumption  of  fuel  and 
water  in  locomotive  boilers,  arrives  at  tho  following  conclu- 
sions : — 

L  For  a  given  extent  of  heating  surface  tho  economical 
hourly  consumption  of  fuel  or  water  decreases  directly  as  the 
grato  area  is  increased,  and  consequently  in  order  to  maintain 
the  same  efficiency  or  economical  effect,  the  total  hourly  con- 
sumption should  bo  reduced  at  tho  same  rate  as  t lie  grate  area 
is  increased. 

2.  For  a  given  area  of  grate  the  total  hourly  consumption 
should  vary  as  the  square  of  the  heating  surface.  That  is,  if 
we  double  the  area  of  heating  surface,  we  can  burn  four  times 
the  quantity  of  fuel  with  the  same  grate  area  and  maintain  tho 
same  evaporativo  efficiency  or  economy. 

3.  For  a  given  hourly  consumption  the  area  of  tho  firegrate 
should  vary  as  the  square  of  the  heating  surface  in  maintaining 
the  same  efficiency.  That  is,  if  the  heating  surface  be  doubled, 
tho  grate  area  may  bo  increased  four  times,  and  the  same 
economical  consumption  maintained. 

Now  with  respect  to  the  first  of  these  conclusions,  it  would 
appear  to  hold  good  for  all  descriptions  of  boilers.  In  general 
it  may  be  said  that  there  cannot  be  too  little  grate  area  for 
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economical  evaporation.  Evaporative  economy  is,  however,  not 
compatible  with  evaporative  speed,  and  the  diminution  of  grate 
area  is  limited  by  the  speed  of  evaporation  required,  and  by  the 
.  maximum  rate  of  combustion  found  to  be  consistent  with 
economy,  which  varies  in  different  classes  of  boilers.  By  re- 
ducing the  grate  area  the  economical  value  of  the  heating  surface 
of  the  boiler  may  be  increased,  although  the  speed  of  evapora- 
tion may  at  the  same  time  be  diminished.  From  the  relations 
embodied  in  the  second  and  third  conclusions,  that  when  the 
heating  surface  is  doubled  the  economical  hourly  consumption 
of  fuel  maybe  increased  fourfold  by  increasing  the  rate  of  com- 
bustion or  the  size  of  the  grate,  it  may  be  concluded  that  the 
efficiency  of  each  foot  of  surface  is  increased  by  merely  increas- 
ing the  surface,  or  that  the  evaporative  power  of  the  boiler  is 
increased  more  rapidly  than  the  increase  of  heating  surface, 
whilst  the  efficiency  is  maintained.  There  is,  however,  a 
maximum  quantity  of  coal  that  can  be  economically  burnt  on 
each  square  foot  of  grate,  which  limits  the  power  to  be  derived 
by  increasing  the  heating  surface,  while  the  grate  area  remains 
constant,  and  with  a  given  rate  of  consumption  of  fuel  the 
increase  of  grate  area  is  limited  by  practical  considerations 
already  noticed. 

It  is,  however,  more  especially  to  boilers  of  the  locomotive 
type  that  the  two  last  conclusions  can  apply.  In  adding  heat- 
ing surface  to  a  locomotive  boiler  with  a  given  area  of  firegrate, 
we  can  only  increase  the  size  of  firebox,  add  midfeathers  or 
similar  expedients,  and  increase  the  number  of  tubes,  as  the 
length  of  boiler  cannot  usually  be  increased.  This  at  once  adds 
considerably  to  the  economical  evaporative  power,  by  offering  a 
larger  surface  at  the  most  effective  position  in  the  boiler  ;  and 
if  the  diameter  of  the  tubes  be  at  the  same  time  reduced,  the 
evaporative  efficiency  is  likely  to  be  still  further  increased,  as  the 
smaller  tubes  are  better  adapted  for  extracting  the  heat  from 
the  gases,  and  the  result  found  in  practice  agrees  with  the 
theoretical  considerations  advanced  above. 

But  in  the  case  of  an  ordinary  stationary  boiler  we  can  only 
augment  the  heating  surface  to  any  considerable  extent  by 
adding  to  the  length  of  the  boiler,  or  by  increasing  the  run  of 
the  flues.  In  either  case  we  add  the  heating  surface  where  it  is 
least  effective,  and  where  the  least  quantity  of  water  is  evapo- 
rated, in  consequence  of  the  gases  being  here  cooler,  and  in  the 
worst  condition  for  imparting  their  heat,  and  also  on  account  of 
the  deposit  of  soot  and  incrustation  being  thickest  where  the 
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gases  quit  tho  boiler  for  tho  chimney.  15y  doubling  the  1-  ■  [th 
of  a  tubular  or  externally  fired  boiler  wo  should  not  be  able  even 
to  double  tho  consumption  of  fuel  and  maintain  tho  same 
ovaporativo  economy.  Besides,  unless  the  draught  oao  Im- 
materially increased  at  tho  same  time  that  tho  run  of  the  Hues 
is  lengthened  there  will  bo  a  decided  falling  ofF  in  tho  speed  of 
evaporation. 

In  tho  locomotive  the  forced  draught  allows  a  greater  range 
in  the  rate  of  combustion  than  can  bo  obtained  in  stationary 
and  marine  boilers. 

With  a  sluggish  draught  small  tubes  are  liable  to  becomo 
choked  up  with  soot  or  Hue  deposit,  and  this  liability  increases 
with  tho  length  of  tho  tube.  The  same  n  maik  applies  to  a 
great  extent  to  external  Hues,  where  tho  tendency  of  tin*  soot 
to  adhere  to  and  accumulate  upon  the  plates  inereaaea  with  the 
length  of  flue  and  sluggishness  of  draught.  In  multitubular 
boilers  with  chimney  draught  the  ratio  of  the  length  to  tho 
diameter  of  tuba  should  not  exceed  24  :  1.  In  locomotives  it 
may  bo  mado  as  much  as  l'JO  :  L  The  redaction  of  tho 
diameter  of  tho  tubes  is  limited  by  the  area  of  the  line  way  it  is 
found  necessary  to  maintain,  which  will  greatly  depend  upon  tho 
strength  of  the  draught.  In  multitubular  boilers  with  chimney 
draught  tho  ratio  of  total  tube  area  to  grate  area  should  he 
about  1  :  7.  In  locomotives  the  proportion  of  tho  collective 
sectional  area  of  tubes  to  grate  area  is  usually  about  1  :  4. 
With  a  constant  proportion  of  grate  area  and  flue  way,  the  grate 
is  reduced  to  one-half  by  doubling  tho  quantity  <»f  tubes  of  a 
given  length,  and  still  maintaining  the  same  quantity  of  heating 
surface  in  them.  As  twice  the  quantity  of  fuel  should  be  burnt 
on  this  reduced  area  to  maintain  the  same  efficiency,  it  follows 
that  four  times  the  quantity  of  fuel  is  to  be  burnt  per  hour  per 
square  foot  of  grate.  The  practical  impossibility  of  exceeding  a 
certain  rate  of  combustion  should  restrict  the  reduction  of  the 
diameter  of  the  tubes.  AVith  a  given  length  of  boiler  the  reduc- 
tion of  the  diameter  of  tubes  is  limited  by  the  ratio  of  diameter 
and  length  of  tube  it  is  advisable  to  adhere  to.  At  the  Wigan 
coal  trials  in  1808  the  effect  was  tried  of  dispensing  with  the 
external  flues  of  a  Lancashire  and  Galloway  boiler,  the  gases 
being  allowed  to  pass  directly  from  the  internal  flues  to  the 
chimney.  Tho  result  was  a  slight  falling  off  in  economy,  or 
in  pounds  of  water  evaporated  per  pound  of  coal  ;  but  very 
nearly  tho  same  quantity  of  water  was  evaporated  as  when  tho 
gr-ses  made  the  circuit  of  the  external  flues,  and  consequently 
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traversed  a  much  larger  extent  of  healing  surface.  It  was  also 
found  thai  the  Galloway  boiler  was  not  superior  in  evaporative 
power  or  economy  to  the  ordinary  Lancashire  boiler,  although  it 
possesses  a  greater  extent  of  effective  heating  surface,  and  also 
that  the  difference  between  the  evaporative  effect  of  iron  and 
steel  flues  in  a  Lancashire  boiler  was  not  appreciable.  In  all 
these  cases  a  high  rate  of  evaporative  efficiency  was  maintained, 
being  above  9  lb.  of  water  from  100°  per  lb.  of  coal  ;  but  had 
there  been  a  considerably  larger  consumption  of  coal  per  hour, 
giving  a  higher  temperature  to  the  escaping  gases,  the  result 
would  have  been  more  decidedly  in  favour  of  the  larger  heating 
surface  of  the  Galloway  boiler,  and  of  both  boilers  with  external 
flues,  as  compared  with  the  results  without  them. 

There  are  cases,  however,  of  boilers  having  two  internal 
furnaces,  with  combustion  chambers,  and  a  number  of  small 
tubes  at  back  end,  which,  notwithstanding  their  greater  heating 
surface,  cannot  be  made  to  generate  steam  as  rapidly  or  as 
economically  as  boilers  of  the  simple  Lancashire  type  working 
alongside  of  them,  and  having  the  same  external  length  and 
diameter,  tli3  same  grate  area,  chimney,  and  description  of 
external  flues,  and  other  conditions.  This  unlooked-for  result 
can  only  be  ascribed  to  the  decrease  of  draught  and  the  increased 
quantity  of  incrustation  and  soot  caused  by  the  more  com- 
plicated arrangement  of  flue  way.  With  a  cleaner  fuel  and 
purer  water  it  is  not  improbable  that  the  results  would  be 
reversed. 

There  are  numerous  cases  where  the  additional  surface  of 
conical  and  other  water  tubes  is  rendered  almost  useless  by  the 
amount  of  incrustation  formed  in  them.  The  incrustation 
accumulates  more  rapidly  inside  these  small  tubes  than  on  the 
convex  surface  of  the  main  tubes  they  are  placed  in,  in  spite 
of  the  circulation,  chiefly  owing  to  the  greater  difficulty  found 
in  removing  the  incrustation  as  it  forms,  caused  by  its  inac- 
cessibility. Greater  pains  should  therefore  be  bestowed  in 
cleaning  out  these  water  tube  boilers  in  order  to  maintain  their 
efficiency.  It  may  be  gathered  from  these  last  considerations 
that  the  evaporative  result  obtained  from  a  new  boiler  may 
afford  no  guide  to  the  value  of  the  same  boiler  after  it  has  been 
in  use  some  time. 

The  comparative  amount  of  hard  incrustation  is  generally  a 
pretty  sure  index  of  the  value  of  the  heating  surface  on  which  it 
is  found.  Where  the  ebullition  is  greatest,  the  amount  of  hard 
and  tenacious  scale  will  be  least.    This,  however,  does  not  apply 
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where  the  boiling  off  of  the  deposit  is  impeded  by  stays  or  other 
obstacles,  such  as  aro  found  on  the  crown  of  sonic  locomotive 
fire-boxes,  or  in  the  midst  of  a  nest  of  closely  packed  small 
tubes.  In  somo  cases  where  the  boiler  is  not  carefully  cleaned, 
the  line  which  marks  the  limit  of  the  greatest  ebullition  over  the 
furnaces  of  externally  fired  and  internally  fined  boilers,  and  in 
the  water  tubes,  may  bo  found  pretty  sharply  defined  by  the 
variation  in  the  thickness  of  incrustation,  especially  where  the 
circulation  is  defective.  The  change  in  the  colour  of  the  incrus- 
tation cuised  by  the  heat  when  the  furnace  plates  have  been 
accidentally  lefc  bare  of  water,  with  a  goo  1  lire  underneath,  some- 
times reveals  the  fact  that  the  intense  heat  over  the  lire,  both 
from  the  radiation  of  the  incandescent  fuel  and  the  impinging 
flames,  is  much  greater  than  the  heat  imparted  by  the  flame 
alone.  The  buckling  of  the  plates  caused  by  overheating  under 
similar  circumstances  is  usually  confined  to  the  crown  in  front 
of  or  abovo  tho  bridgo,  and  is  also  an  indication  of  the  greater 
intensity  of  the  heat  at  this  part. 

Tho  most  satisfactory  method  of  determining  the  eiliciency 
of  any  heating  surface  is  that  given  by  Profess  jr  Kaukine,  which 
\s  as  follows  : — 


Where  E'  -5  the  available  evaporative  power,  and  E  s  tho 
theoretical  evaporative  power  of  1  lb.  of  a  given  kind  of  fuel  in 
an  ordinary  boiler  in  which  S  r=  the  total  area  of  heating 
surface,  including  feed  water  heater,  if  any  ;  F  =  the  number 
of  pounds  of  fuel  burnt  per  hour.  A  and  1)  are  two  constants 
found  by  experience  ;  A  is  probably  approximately  proportionate 
to  tho  square  of  tho  quantity  of  air  supplied  per  lb.  of  fuel. 
B  is  a  fractional  multiplier  to  allow  for  miscellaneous  losses  of 
beat,  which,  for  chimney  draught,  is  here  taken  at  20  per  cent. 

For  boilers  with  chimney  draught  B  =  —  A  =  '5 
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The  following  are  examples  of  efficiency  for  different  propor- 
tions of  boilers  and  rates  of  combustion,  with  chimney  draughi 
calculated  by  rc.e?ns  of  this  formula  : — 
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The  third  and  fourth  columns  give  the  average  rate  of  evapo- 
ration of  boilers  in  use,  the  total  heat  from  1  lb.  of  coal  being 
taken  at  14  lbs.  of  water  evaporated  from  212°.  With  a  clean 
boiler,  good  coal,  skilful  firing,  and  introducing  the  feed  water 
at  a  high  temperature,  the  quantities  in  column  four  may  be 
increased  by  from  10  to  30  per  cent.  ;  and  on  the  other  hand, 
with  a  dirty  boiler  and  unskilful  attendance  they  may  be 
diminished  from  65  to  20  per  cent.,  which  is  too  frequently  the 
case,  and  often  causes  much  disappointment.  With  the  best  descrip- 
tions of  feed  water  heaters,  or  economisers,  which  utilise  the  heat 
from  the  escaping  gases  on  their  way  to  the  chimney,  and  have 
their  surface  at  right  angles  to  the  direction  of  the  draught 
kept  clear  by  means  of  self-acting  scrapers,  the  feed  may  at 
times  be  raised  to  a  temperature  of  250°,  or  even  more,  with  a 
corresponding  saving  in  fuel.  The  area  of  these  economisers 
should  be  considered  in  estimating  the  efficiency  of  the  total 
heating  surface  of  the  boiler. 

The  plan  sometimes  adopted  of  placing  an  old  boiler  or  tank 
in  the  flue  between  the  end  of  the  boilers  and  chimney  to  serve 
as  a  feed  water  heater,  is  often  attended  with  very  unsatisfactory 
results,  owing  to  the  absorbing  surface  becoming  thickly  coated 
over  with  soot  when  smoky  coals  are  used.    There  are  instances 
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of  such  feed-warmers  heating  the  water  to  about  212°  for  thu 
lirst  fow  days  after  boing  set  to  work  ;  but  their  efficiency 
gradually  falls  oil',  and  lometimei  at  the  end  of  afortnignt  they 
aro  unablo  to  raise  tho  temperature  of  the  water  they  contain 
beyond  100°,  simply  owing  to  the  thick  non-conducting  coating 
of  soot  they  receive. 

Thero  aro  many  Cornish  and  Lancashire  boilers,  wheie  duo 
attention  is  not  paid  to  cleaning  the  flues,  working  for  months 
together  with  an  inch  or  more  of  soot  on  the  bottom  plates  in 
tho  external  Hues,  and  with  a  large  quantity  of  flue  deposit  In 
tho  internal  tubes,  varying  in  thickness  from  that  limited  by 
the  height  of  tho  bridge  :o  G"  or  9"  at  the  back  end.  In  fact, 
the  usual  state  of  affairs  is  not  much  better  than  this  after 
working  a  few  weeks  with  ordinary  descriptions  of  Fcmi-bitu- 
minous  coal,  and  a  great  part  of  tho  heating  surface  is  rendered 
useless  in  consequence. 


CHAPTER  XVI. 


BOILER  POWER. 

It  must  be  admitted  that  the  manner  in  which  the  power  of 
a  boiler  is  usually  calculated  is  far  from  satisfactory.  It  has 
long  been  the  custom  to  estimate  boilers  by  their  real  or  nominal 
horse  power.  As  the  nominal  horse  power  of  an  engine  is  usually 
based  upon  the  diameter  of  the  cylinder,  without  regard  to 
other  conditions,  so  in  boilers  the  nominal  standard  of  power  is 
estimated  by  their  size,  without  regarding  the  pressure  of  steam, 
the  efficiency  of  heating  surface,  size  of  grate,  rate  of  combus- 
tion, quality  of  coal,  setting,  and  frequently  the  most  im- 
portant of  all,  the  condition  of  the  boiler  and  ability  of  the 
firemen.  "Whilst  admitting  their  unsatisfactory  nature,  we  shall 
give  some  of  the  rules  that  have  been  mostly  employed.  How- 
ever correct  any  one  of  these  rules  maybe  for  one  description  of 
boiler,  it  will  give  a  false  result  for  boilers  of  a  different  class, 
or  even  of  the  same  class,  but  of  different  size  and  proportions. 

Armstrong's  rule  is  to  allow  one  cubic  foot  of  water  evaporated 
per  hour,  one  square  foot  of  firegrate  area,  and  one  square  yard 
of  total  heating  surface  per  horse  power  for  ordinary  coal,  and 
|  of  a  square  foot  of  grate  for  good  steam  coal,  and  as  little  as 
\  square  foot  when  the  best  coal  only  is  employed.  This  rule 
stands  H  P  =  |(S  -f  G)  where  S  =  heating  surface  in  yards, 
and  G  zz  area  of  fire  grate  in  feet.  Reckoning  by  superficies 
it  is  now  usual  to  allow  about  15  square  feet  of  heating  surface 
per  nominal  horse  power  for  ordinary  factory  boilers.  For 
multitubular  boilers  from  18  to  26  square  feet  of  heating  surface, 
and  from  *5  to  *85  square  feet  of  grate  area. 

Another  rule  very  much  used  is  to  allow  from  5  to  6  square 
feet  of  boiler  section  per  H.  P.  in  plain  cylindrical  boilers,  or 

_  ^      section  of  Boiler 


Itt  Cornish  and  Lancashire  boilers  the  sectional  area  of  the 
flue  tubes  is  usually  added,  and  from  6  to  8  square  feet  per 
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IT.  P.  is  allowed.  For  example,  in  a  Lancashire  boiler  7 
feet  diameter,  30  feet  long,  and  having  2  flues  2*  9*  diameter, 
we  havo  375  square  feet  of  section,  which  divided  by  8,  gives 
47  H.  P.  For  Galloway  boilers  4*5  is  usually  taken  fur  a 
divisor  instead  of  G. 

Another  rule  like  Armstrong's  is 

II  P  =VS  x  G 

For  multitubular  boilers  the  following  rule  is  sometimes 
nred  : 

II  P  =  l'Ss/8  X  O       s  b«fag  in  yards  and 

(i  in  feet. 

For  marine  boilers  working  op  to  nearly  live  times  their 
nominal  horse  power — 

h  p  =  -7s/s  x  a 

As  tho  term  nominal  horse  power,  according  to  these  rules,  is 
so  undefined,  it  is  preferable  to  reckon  the  power  of  a  boiler  by 
tho  quantity  of  water  it  will  evaporate.  AYith  a  moderately  good 
engine  one  half  cubic  foot  of  water,  or  about  30  lbs.,  will  develop 
1  H.  P.  (indicated)  per  hour.  With  externally  fired  boilers 
having  the  proportions  between  the  heating  surface  and  grate 
•rea  between  the  limits  of  10  and  10  to  1,  the  average  evapo- 
rative power  may  be  taken  at  1  cubic  foot  from  18  feet  of  head- 
ing surface,  or  0  feet  per  H.  P.  Egg-ended  furnace  boilers, 
intensely  heated  their  whole  length,  have  been  known  to 
evaporate  1  cubic  foot  of  water  fioin  4  square  feet  of  heating 
surface,  which  is  equivalent  to  2  square  feet  per  II.  P.  In 
Cornish  and  Lancashire  boilers,  where  the  proportions  between 
tho  heating  surface  and  grate  area  are  within  the  limits  of 
15  and  25  to  1,  the  evaporative  power  may  be  taken  at  1  cubic 
foot  of  water  from  about  14  square  feet  of  total  heating  surface, 
or  7  square  feet  per  indicated  horse  power. 

In  multitubular  and  other  boilers  where  the  heating  surface 
is  to  the  grate  area  as  from  30  :  1  to  40  :  1,  9  square  feet  of 
surface  will  evaporate  1  cnbic  foot  of  water,  or  require  4  J  square 
feet  of  total  heating  surf  ce  per  H.  P. 

Vertical  boilers  are  usually  very  wasteful  of  fuel,  but  in  some 
cases,  where  the  boiler  is  in  good  condition,  and  the  circulation 
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is  promoted  by  well  arranged  water  tubes,  they  have  evaporated 
8  lbs.  of  water  from  G0°  per  1  lb.  of  coal,  and  1  cubic  foot  of 
water  per  hour  from  10  square  feet  of  heating  surface,  and  may 
be  reckoned  at  8  square  feet  per  H.  P.  ;  but  10  or  12  square 
feet  per  H.  P.  are  more  commonly  required. 

In  locomotive  boilers  with  forced  draught,  and  the  ratio  of 
heating  surface  to  grate  area  between  60  :  1  and  80  :  1,  an 
average  of  3  square  feet  of  total  heating  surface  per  indicated 
H.  P.  may  be  taken  as  an  approximation.  As  we  have  already 
said,  the  quality  of  fuel,  rate  of  combustion,  skill  of  stoker, 
arrangement  of  furnace,  and  condition  of  boiler,  will  materially 
influence  these  quantities. 

Suppose  we  require  the  size  of  a  Cornish  boiler  to  supply 
steam  to  an  engine  having  a  cylinder  16"  diameter  and  24" 
stroke,  making  60  revolutions  a  minute,  cutting  off  at  one 
quarter  stroke,  and  working  at  60  lbs.  pressure.  Now,  without 
taking  into  account  the  difference  of  pressure  in  the  boiler  and 
in  the  cylinder,  we  shall  have  the  quantity  of  steam  required 
per  hour  thus  :— 163  X  '7854  X  *25  X  24  x  2  X  60  X  60 
=  5026  cubic  feet.  This  quantity  should  be  increased  by  at 
least  25  per  cent.,  to  allow  for  loss  of  steam  in  ports,  clearance 
of  piston,  escape  at  safety  valve,  and  other  waste,  as  well  as  to 
allow  some  margin  of  power  ;  we  shall  therefore  have  6282 
cubic  feet  as  the  quantity  of  steam  to  be  evaporated  per  hour. 
In  table  at  page  303  we  find  that  at  60  K)s.  pressure  1  cubic 
foot  of  steam  is  353  times  more  bulky  than  the  water  from 
which  it  is  raised,  whence  the  above  quantity  of  steam  is 
equivalent  to  I7f  cubic  feet,  or  1106  E)s,,  of  water  evaporated  at 
60  lbs.  pressure  per  hour. 

s  The  usual  rate  of  combustion  in  Cornish  boilers  is  about  12  lbs. 
of  coal  per  square  foot  of  grate  area  ;  and  taking  the  evapora- 
tion at  7 -25  lbs.  from  60°  per  lb.  of  coal,  we  get  12  x  7*25 
=  87  lbs.  of  water  evaporated  per  square  foot  of  grate  per  hour, 
and  1106  ~  87  =  12f  square  feet  of  grate,  the  area  required. 
Fixing  the  maximum  length  at  5  feet,  the  width  will  be  2'  7", 
which  will  require  a  tube  of  about  2'  9"  diameter.  Allowing 
6  inches  for  bottom  water  space,  and  2'  3"  from  furnace  crown 
to  shell  crown,  we  have  a  boiler  5'  6"  diameter  ;  and  taking  the 
length  at  four  times  the  diameter,  we  shall  have  22  feet  as  the 
length. 

Had  the  area  of  firegrate  required  been  about  20  square  feet, 
it  would  have  been  advisable  to  limit  the  length  of  grate  to 
4  feet,  and  to  make  a  Lancashire  boiler  7  feet  diameter  x  28 
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foot  long,  having  two  2'  0"  tubes,  instead  of  making  tho  grato 
6'  0"  X  3'  4",  and  using  a  Cornish  boiler  0'  0"  diameter,  with 
a  3'  0*  furnace  tube 

Many  tests  havo  been  undertaken  to  ascertain  tho  evaporative 
power  of  different  classes  of  boilers  in  actual  work  ;  but  few  of 
these  are  of  any  value,  owing  to  the  unreliable  meant  usually 
employed  to  measure  tho  quantity  of  water  evaporated.  Tho 
easiest  method,  and  consequently  the  one  most  frequently 
adopted,  is  to  measure  the  quantity  by  the  difference  of  its 
height  in  tho  water-gauge  glass  at  the  beginning  and  end  of  the 
trial,  and  also  at  intermediate  stage*.  This  method  is  very 
rudo  and  uncertain,  since  there  can  be  little  doubt  that  in  many 
boilers  at  work  tho  surface  of  the  water  is  not  Level,  but  is 
usually  higher  over  the  furnace,  or  where  the  greatest  ebullition 
occurs.  The  difference  in  height  at  any  moment  will  greatly 
depend  upon  tho  intensity  of  the  ebullition  which  is  ever  vary- 
ing during  tho  intervals  between  firing.  With  mechanical  firing 
tho  duTerenco  of  height  is  probably  reduced  to  a  minimum. 

The  meters  employed  for  measuring  the  water  are  sometimes 
not  trustworthy.  Tho  only  suro  method  <>f  ascertaining  the 
quantity  of  water  evaporated  is  by  actual  measurement  with  a 
cistern  or  vessel,  whose  cubic  contents  are  accurately  known. 
The  quantity  of  water  in,  the  boiler  before  and  after  the  trial 
should  bo  measured  at  the  same  temperature,  which  should  not 
exceed  212°  to  ensure  accuracy.  But  even  when  the  amount 
of  water  introduced  and  the  quantity  passed  off  from  the  boiler 
is  accurately  ascertained,  there  yet  remains  a  doubt  as  to  how 
much  has  beon  actually  evaporated,  and  how  much  may  have 
passed  off  in  priming,  unless  tho  trial  has  been  conducted  with 
the  boiler  open  to  the  atmosphere,  which  appears  to  be  the  only 
condition  under  which  accuracy  can  be  ensured,  unless  a  suitable 
apparatus  can  bo  provided  for  accurately  measuring  the  weight 
and  temperature  of  all  the  steam  and  water  given  oil'  when  the 
boiler  is  working  above  atmospheric  pressure. 

Thero  are  very  few  boilers  that  do  not  prime  more  or  less, 
and  the  quantity  of  water  passed  off  in  this  manner  is  sometimes 
very  considerable,  and  has  led  to  the  impossible  results  of 
16  and  17  lb3.  of  water  evaporated  per  lb.  of  ordinary  coal  in 
locomotive  and  water  tube  boilers  being  seriously  recorded.  Ex- 
ternally fired  boilers  that  have  given  the  moderate  result  of  5  lbs. 
of  water  per  lb.  of  coal  at  atmospheric  pressure,  have  shown 
the  unexpected  result  of  10  and  12  lbs.  of  water  evaporated  at 
40  lbs.  pressure.    In  fact,  unless  the  amount  of  wrater  passed 
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over  with  the  steam  by  priming,  when  working  under  pressure, 
can  be  accurately  ascertained,  the  evaporative  results  are  not  to 
be  relied  upon,  however  carefully  in  other  respects  the  trial  may 
have  been  conducted. 

It  is  customary  to  give  the  quantity  of  water  evaporated  from 
a  temperature  of  212°,  to  which  the  results  of  evaporation  are 
usually  reduced. 

The  quantity  corresponding  to  any  temperature  of  feed  water 
and  working  pressure  can  readily  be  found  with  the  aid  of  the 
annexed  table,  taken  from  the  "  Encyclopjedia  Britannica," 
wherein  are  presented  the  relations  of  the  properties  of  steam, 
as  now  accepted  by  the  best  authorities  :  — 
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Properties  of  Saturated  Steam. 


Total  prcn- 
miro  |K)r 

square  inch 
measured 
from  a 
vacuum. 

Pressuro 
abovo  atmo- 

fccnsiblo 
xminc  ratine 
in  Fahren- 
heit degrees. 

Total  heat  Inl 
IctfrccH  from' 

zero  of 
Fahrenheit. 

one  cubic 
foot  of 
steam. 

1 

Relative 
volume  of 
steam  com- 
•xired  with 
water  from 
whic  h  it  wax 
mined. 

1 

— 

1021 

1144-5 

•0030 

20582 

I 

— 

1263 

1151-7 

•0053 

10721 

3 

— 

141-6 

11500 

-0086 

7322 

4 

— 

153-1 

noo-i 

•0112 

5583 

5 

— 

162-3 

1102-9 

•0138 

4527 

6 

— 

170-2 

1165-3 

•016:3 

3313 

7 

— 

176-9 

1167  3 

•01S9 

3298 

8 

— 

182-9 

1109-2 

•0214 

2909 

9 

— 

18S-3 

1170-8 

•0239 

2604 

10 

— 

193-3 

1172-3 

•0264 

2358 

11 

— 

197-S 

1173-7 

•0239 

2157 

12 

— 

202-0 

1175-0 

•0314 

1986 

13 

— 

20;V9 

11762 

•0:538 

1842 

14 

— 

209-0 

1177*3 

•0362 

1720 

147 

0 

212.0 

1178*1 

•03S0 

1042 

15 

•3 

213-1 

1178-4 

•0387 

1010 

16 

1-3 

216-3 

1179-4 

•0411 

1515 

17 

23 

219-6 

1180-3 

•0435 

1431 

18 

33 

222-4 

1181-2 

•0459 

1357 

19 

43 

225-3 

11821 

•0483 

1290 

20 

5*3 

228-0 

11S2-9 

•0507 

1229 

21 

6  3 

230-6 

1183-7 

•0531 

1174 

22 

73 

233-1 

1184-5 

•0555 

1123 

23 

8*3 

235-5 

1185-2 

•0580 

1075 

24 

9-3 

237-S 

1185-9 

•0001 

1036 

25 

10-3 

240-1 

11S6-6 

•0026 

996 

26 

11*3 

212-3 

11S7-3 

•0650 

953 

27 

123 

244-4 

11S7-8 

•0073 

920 

28 

13*3 

246-4 

1188-4 

•0696 

895 

29 

143 

24S4 

11S9-1 

•0719 

866 

30 

153 

250-4 

1189-8 

•0743 

833 

31 

163 

252-2 

1190-4 

•0706 

813 

32 

17-3 

254-1 

1190-9 

•0789 

789 

33 

1S-3 

255-9 

1191-5 

•0812 

767 

34 

19.3 

257*6 

1192-0 

•0S35 

746 

Q£ 
oO 

Oft  «Q 

*08  5S 

72o 

36 

21-3 

260-9 

1193-0 

•0881 

707 

37 

22-3 

262-6 

1193-5 

•0905 

688 

38 

23-3 

264-2 

1194-0 

•0929 

671 

39 

24-3 

265-8 

1194-5 

•0952 

655 

40 

25-3 

267*3 

1194*9 

•0974 

640 
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Properties  of  Saturated  Steam. 


Total  pres- 
sure per 
square  inch 
measured 
from  a 
vacuum. 

Pressure 
above  atmo- 
sphere. 

Sensible 
temperature 
in  Fahren- 
heit degrees. 

Total  heat  in 
degrees  from 

zero  of 
Fahrenheit. 

Weight  of 
one  cubic 
foot  of 
steam. 

Relative 
volume  of 
steam  com- 
pared with 
water  from 
which  it  was 
raised. 

- 

41 

26*3 

2687 

1195-4 

•0996 

625 

42 

27-3 

270'2 

1195-8 

•1020 

611 

43 

28-3 

271'6 

1196-2 

•1042 

598 

44 

29-3 

273-0 

1196-6 

•1065 

585 

45 

30-3 

274-4 

1197-1 

•1089 

572 

46 

31*3 

275-8 

1197*5 

•1111 

561 

47 

32-3 

277*1 

1197*9 

•1133 

550 

48 

33*3 

278*4 

1198*3 

•1156 

539 

49 

34-3 

279*7 

1198*7 

•1179 

529 

50 

35*3 

281  -0 

1199*1 

•1202 

518 

51 

36*3 

282*3 

1199*5 

•1224 

509 

52 

37*3 

283*5 

1199*9 

•1246 

500 

53 

38-3 

284-7  , 

1200*3 

•1269 

491 

54 

39-3 

285*9 

1200-6 

•1291 

482 

55 

40*3 

287*1 

1201-0 

•1314 

474 

56 

41-3 

288*2 

1201-3 

•1336 

466 

57 

42*3 

289*3 

1201-7 

•1364 

458 

58 

43-3 

290*4 

1202-0 

•1380 

451 

59 

44*3 

291*6 

1202*4 

•1403 

444 

60 

45*3 

292*7 

1202*7 

•1425 

437 

61 

46-3 

293*8 

1203*1 

•1447 

430 

62 

47*3 

294-8 

1203*4 

•1469 

424 

63 

48-3 

295*9 

1203*7 

•1493 

417 

64 

49-3 

296*9 

1204-0 

•1516 

411 

65 

50-3 

298*0 

1204-3 

•1538 

405 

66 

51-3 

299*0 

1204*6 

•1560 

399 

67 

52*3 

300*0 

1204*9 

•1583 

393 

68 

53-3 

300*9 

1205*2 

•1605 

388 

69 

54-3 

301*9 

1205.5 

•1627 

383 

70 

55*3 

302-9 

1205-8 

•1648 

378 

71 

56-3 

303*9 

1206*1 

•1670 

373 

72 

57'3 

304*8 

1206*3 

.1692 

368 

73 

58*3 

305*7 

1206*6 

•1714 

363 

74 

59-3 

306-6 

1206*9 

•1736 

359 

75 

60-3 

307*5 

1207*2 

•1759 

353 

76 

61*3 

308-4 

1207*4 

•1782 

349 

77 

62-3 

309-3 

1207*7 

•1804 

345 

78 

63-3 

310-2 

120S-0 

•1826 

341 

79 

[  64-3 

•311*1 

1208-3 

•1848 

337 

80 

65'3 

312-0 

1208*5 

•1869 

333 

81 

66*3 

312-8 

1208*8 

•1S91 

329 
  „„.j 
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Properties  of  Saturated  Steam. 


Total  prc«- 
uuro  par 

iquaro  inch 
mewsureil 
from  a 
vacuum. 

Pressure 
ubovu  utino 
si  »hero. 

Scnsiblo 
tomprntan 

licit  degrees. 

Total  heat  in 
<i-\  lees  from 

Fahrenheit. 

Weight  of 
olio  cubic 
foot  of 
BtcaiJi. 

IMative 

Vi  'Iume  of 

St<  .'Ill  Colli 

j»are«i  with 
v.  if  r  from 
which  it  Wlifl 

82 

67-3 

313-6 

1209  1 

•1913 

325 

83 

OS  *3 

•;i  15 

1200*4 

'1985 

81 

69  3 

;;ir>-3 

1209  6 

•1957 

318 

85 

70-3 

816*3 

1200*8 

•19S0 

81 1 

86 

713 

816*9 

1810*1 

-j0m2 

311 

87 

72-3 

3178 

1210-4 

•"■•2  4 

308 

88 

733 

::is-6 

1210-6 

.2044 

305 

89 

74-3 

319.4 

1210-9 

•2067 

301 

90 

75-3 

320-2 

1211-1 

•2089 

L".»S 

91 

76-3 

821*0 

1211  3 

•2  1 1 1 

295 

92 

77  3 

821*7 

121 1  '5 

•2133 

292 

93 

783 

322-5 

1211-8 

.2155 

289 

91 

79-3 

323-3 

1218-0 

•2176 

286 

95 

80  3 

; -ji-i 

1212-3 

•2198 

283 

96 

81*3 

824*8 

1218*8 

•2219 

281 

97 

82'3 

825*6 

1212-8 

■2241 

278 

98 

83-3 

32(3-3 

1213-0 

•2263 

275 

99 

81-3 

827*1 

1218*2 

•2286 

272 

100 

85  3 

327-9 

12i:i-J 

•2307 

270 

101 

86  3 

32* -5 

1213-6 

•2828 

267 

102 

873 

829*1 

1113-8 

•2351 

265 

103 

8S-3 

828*8 

12140 

•2373 

262 

104 

S9-3 

880*6 

1214-2 

•2393 

260 

105 

903 

331-3 

1814*4 

•2114 

257 

]06 

91-3 

3:n-9 

1214-0 

•2435 

255 

107 

92  3 

332  0 

1214*8 

•2456 

253 

108 

93  3 

333-3 

1215-0 

■8477 

251 

109 

94'3 

331-0 

1215-3 

■841  0 

249 

no 

95*3 

334  6 

1215-8 

•2521 

247 

111 

96*3 

335-3 

1215*7 

•2513 

245 

112 

97*3 

330-0 

1215-9 

•2564 

243 

113 

9S3 

330  7 

1216*1 

•25  SO 

241 

114 

99-3 

337-4 

1216*8 

•2607 

239 

115 

100-3 

333-0 

121(3-5 

•8688 

237 

116 

101*3 

33S-6 

1216*7 

•2019 

235 

117 

102  3 

339-3 

1216-9 

•2074 

233 

118 

103  3 

339-9 

1217-1 

•2096 

231 

119 

104-3 

340-5 

1217-3 

•273S 

229 

120 

105*3 

341-1 

1217-4 

•2759 

227 

121 

106-3 

341-S 

1217-6 

•27S0 

225 

189 

107-3 

342  4 

1217-8 

•2S01 

221 
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Properties  of  Saturated  Steam. 


Total  pres- 
sure per 
square  inch 
measured 

vacuum. 

Pressure 
above  atmo- 
sphere. 

Sensible 
temperature 
in  Fahren- 
heit degrees* 

Total  heat  in 
degrees  from 

zero  of 
Fahrenheit. 

Weight  of 
one  cubic 
foot  of 
steam. 

Relative 
volume  of 
steam  com- 
pared with 
water  from 
which  it  was 
raised. 

1  93 
1  zo 

1  Oft  *3 
1  uo  o 

31°,  *0 
o*o  \j 

1  91  ft-0 
izio  \j 

•9Q99 

999 
zzz 

1  91 
iz* 

1  HQ  *3 
i  uy  o 

343 

1  9  1  ft  9 
XL  1  O  Z 

•934  ?! 

991 
ZZx 

1  9% 
X  ZO 

1 10*3 

344  «9 
o* *  4 

1  91  ft  1 

1  uXO  * 

z  jo  / 

91  Q 

Z  1  V 

1  9fi 
l^U 

111  o 

944  -ft 
o*±  O 

1  91 ft*fi 

1  _  1  O  u 

•9ftftQ 
zooo 

91  7 
zx  1 

197 
1  ^  / 

112*3 

34*v  1 
o  *o  * 

1218  "8 

•9Q1 1 

Zv  XX. 

91  *i 

Zxo 

1  9ft 

l^o 

n  3*3 

91fi*0 
o*o  u 

1218  '9 

ZJOO 

91 1 

Zxt 

1  9Q 

114*3 

346*6 

1219*1 

•2955 

212 

1  30 

xo\) 

115  '3 

347*2 

1219*3 

•9Q77 

91 1 

>-  J  1 

1  91 

116*3 

317  -ft 
o*  /  o 

1219'5 

•9QQQ 

Z0i7  o 

90Q 
zyjj 

132 

117*3 

348*3 

O  iO  o 

1219*6 

*3020 

208 

i  39 

X  OO 

118*3 

348*9 

1219*8 

*3040 

90fi 

131 
io± 

119*3 

3  JQ 

Olo  O 

1 990  *0 

XZZXJ  \J 

*3060 

90"^ 

1  3*1 

lOO 

120*3 

350*1 

1220*2 

*3080 

903 

1  3fi 

121  *3 

3*^0  *fi 
oou  u 

1  Z  ZKJ  o 

•91  01 

Olvl 

909 

ZKJZ 

1  37 

122*3 

3'H  -9 

OOl  Z 

1  990**i 
1  z  —  o  o 

•91  91 

Ol  £1 

900 

123*3 

351  *8 

1220*7 

*3142 

1  QQ 

XJV 

1  3Q 
1  oy 

1  91*3 

1/i*  o 

3*v9*l 
OO  Z  * 

1  990-Q 
i  y 

•°.l  fi9 

1  Oft 
iy  0 

1  10 
1*U 

19^-3 
1/iO  o 

9*i9*Q 
oo -j  J 

1  991  -0 
1  64  1  u 

•°,1  ftl 

O  1  o* 

1  07 

1 11 

126*3 

3'r>3**', 
ooo  o 

1221  f2 

•3206 

1 

1  y  0 

1 19 
1*4 

1 97*3 
xz  i  o 

3^1-0 
OO*  u 

1 991 •! 
i  -  <z 1  * 

•999ft 
o^^o 

1  Ql 
1  y* 

1  13 
l*o 

1  9ft  *3 

Q  r  i  .  FT 
OOl  O 

1 991  *fi 

XZZX  0 

•99*^0 
oZo\J 

1  Q3 
1  y  0 

1 11 

1 4* 

129  "3 

355  '0 

1221*7 

•3273 

1 Q9 
xv  z 

1 1 
1*0 

130  '3 

ooo  o 

1  991  *Q 

IZZX  V 

*3294 

1  00 

1  Itf 

i*o 

131  *3 

356*1 

1222*0 

"3315 

1  ftQ 
ioy 

1 17 
1*< 

132  *3 

3*^*7 

OOO  i 

1222  *2 

*3336 

1  9  ft 

ICO 

1 1ft 
l  *o 

1  33*9 

lOO  o 

3^7*9 

OO  rf  - 

1222*3 

1  ft7 
10 1 

1  4Q 

1  31*3 

10*  o 

3*^7*3 
oo  /  o 

1222*5 

•9977 

OO  /  i 

1  ftfi 
100 

1  ^0 

1  t)U 

1  3*{  *3 

xoo  o 

3"^ft*3 
ooo  o 

1222*7 

"3397 

1  ftl 
10* 

.1  DO 

1 10*3 
1*U  o 

3R1  -0 
ooi  u 

XZZO  O 

'3500 

1  7Q 

1  /  y 

"1  AO 
10U 

1  4*^  *9 

1*0  O 

3f'3*l 
ooo  * 

1  991*9 
1  ZZ-t  Z 

•9^507 
000  / 

1 74 
1  /  * 

10D 

i  *^o*3 

lOO  o 

3fifi  *o 

ooo  o 

1 991*Q 

XZZt  «7 

'3714 

lOO 

1  70 
1  /  f 

1  *^-3 

lOO  o 

3fift*9 
ooo  ^ 

1225  '7 

•3821 

1  ^1 

IL  St 

1  fiO  *3 
1 DU  O 

370*ft 
o  /  o  o 

1  99fi*l 

•3928 

1  "%0 

1 0  J 

1  80 
loU 

100  o 

379*0 
ol  z  y 

1  997*1 
i  6  -  <  l 

103  "i 
.  *uoo 

loo 

185 

170*3 

375*3 

1227-8 

•4142 

151 

190 

175*3 

377-5 

1228-5 

•4250 

148 

195 

180*3 

379.7 

1229-2 

•4357 

144 

200 

185-3 

381-7 

1229-8 

•4464 

141 

210 

195-3 

386-0 

1231-1 

•4668 

135 

220 

205.3 

389-9 

1232*3 

•4872 

129 

230 

215-3 

393*8 

1233  5 

•5072 

123 
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Properties  of  Saturated  Steam. 


Total  pros- 
mi  ro  per 

iqimro  ii*  h 
mo.'iNurvd 

vacuum. 

Pressures 
above  at uio 
upbore. 

Sensible 
temperature 
in  1'abren- 
licit  decrees. 

Total  beat  in 
tle„'recM  from 

zero  of 
r  abrciibci  t. 

Weight  of 

one  cubic 

foot  of 

Relative 

volume  of 
steam  com- 
pared  with 
w.iter  from 
which  it  was 

MmmL 


240 



225-3 

397-5 

1-234-6 

•5270 

119 

250 

235-3 

401  -1 

1985*7 

'547] 

114 

260 

2453 

404-5 

1236-3 

•5070 

110 

270 

255-3 

407  '9 

12S7"8 

•5S71 

106 

280 

265  3 

411-2 

1238-8 

■r.o70 

102 

290 

275-3 

4144 

1239 '8 

•G203 

U9 

300 

285  3 

4175 

12407 

•6409 

96  ; 

Hero  we  see  that  at  212°  the  total  quantity  of  heat  in  the  Hteam 
is  1178°  -1,  which  gives  a  difference  of  966°  L  This  heat, 
usually  termed  latent,  is  absorbed  in  performing  the  work  of 
expanding  the  particles  of  water  from  the  solid  to  the  gaseous 
state.  Now,  suppose  the  water  is  evaporated  at  GO  lbs.  pressure, 
the  steam  will  have  a  temperature  of  307°,  and  a  total  heat  of 
1207°.  If  tho  feed  has  been  introduced  at  00°,  it  is  evident 
that  1147°  of  heat  have  been  imparted.  Al  the  amount 
evaporated  is  inversely  proportional  to  the  quantity  of  heat 
required,  we  have-  1147  +  966  n  1*2.  Multiplying  by  this 
factor,  the  quantity  evaporated  at  GO  lbs.  pressure  from  00°, 
wo  obtain  the  amount  that  would  bo  evaporated  at  21 2:  by  tho 
Bamo  quantity  of  fuel. 

By  tho  same  table  can  be  ascertained  the  comparatively  small 
increase  of  heat  required  to  evaporate  water  at  higher  pressures. 
Suppose  we  take  water  evaporated  at  45  lbs.  pressure  from  a 
feed  temperature  of  G0°,  then  each  lb.  of  water  will  require 
1202*7 — 60  =  1 142*7°  for  its  conversion  into  steam.  If  we 
take  the  pressure  at  100  lbs.  we  shall  have  1210*9 — GO  = 
1150*9°  as  the  quantity  required.  The  difference  between  these 
two  total  quantities  is  only  14*2°,  and  is  so  small  as  to  be  scarcely 
tvorth  considering.  Leaving  out  of  account  the  loss  due  to  the 
slight  reduction  of  the  conducting  power  of  the  material,  the 
increased  amount  of  heat  required  for  the  higher  pressure  wiH 
be  only  ^  of  the  total  heat  required  at  GO  lbs.  With  an 
evaporation  of  7  lbs.  of  water  from  1  lb.  of  coal,  it  will  be  ob- 
tained by  using  5Jy  more  fual.  or  about  1  lb.  in  about  5i  cwt. , 
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a  quantity  not  appreciable  in  the  ordinary  modes  of  weighing 
ooal.  The  economy  is  then  manifest  of  using  steam  of  high 
pressure,  when  at  the  same  time  advantage  is  taken  of  the 
facilities  it  offers  for  working  expansively  in  the  cylinder. 

The  saving  that  may  be  effected  by  heating  the  feed  water 
may  be  shown  as  follows  : — If  we  take  the  normal  temperature 
of  the  feed  water  at  GO0,  the  temperature  of  the  heated  water  at 
212°,  and  the  boiler  pressure  at  20  lbs.,  the  total  heat  imparted 
to  the  steam  in  one  case  is  1192°-5  — 60°=  1132°  5,  and 
in  the  other  case  1192*5  —  212  zz  980° -5,  the  difference  being 
152°,  or  a  saving  of  tt§§'5  =  13*4  per  cent. 

If  the  pressure  be  taken  at  120  lbs.  instead  of  20  lbs.  the 
saving  will  be  13*1  per  cent.,  showing  a  slight  diminution  in  the 
economy  effected  by  heating  the  water  when  a  high  pressure  in 
the  boiler  is  employed. 

The  loss  from  blowing  off  when  fresh  water  is  used  may  be 
found  as  follows.  Supposing  the  ratio  of  the  quantity  of  water 
evaporated  to  that  blown  out  is  10  :  1,  we  have  with  a  pressure 
of  20  lbs.  and  a  feed  temperature  of  100° — 

Evaporated  10  (1192°  -5  —  100°)  =  10925     heat  units 
Blown  out    1  (259-3     —  100°)  =     159*3    „  „ 
Total  =  11084-3    „  „ 

showing  a  loss  of  only  1*4  per  cent,  of  the  total  heat  imparted. 

With  a  pressure  of  100  lbs.  we  should  have  a  corresponding 
loss  of  2  per  cent. 

The  elFect  of  the  presence  in  a  liquid  of  any  substance  in 
solution  is  to  resist  ebullition,  and  to  raise  the  boiling  point. 
In  ordinary  fresh  water  the  slight  increase  in  the  elevation  of 
temperature,  due  to  the  presence  of  salts  in  solution,  is  generally 
disregarded  ;  but  in  salt  water,  partially  saturated,  the  increase 
is  of  some  practical  importance.  The  boiling  point  of  saturated 
brine  is  226°,  and  that  of  weaker  brine  is  higher  than  the  boiling 
point  of  pure  water  by  l°-2  for  each  ^  of  salt  the  water  con- 
tains. The  quantity  contained  by  average  sea  water  is  usually 
taken  as  The  loss  of  heat  by  blowing  out  when  salt  water 

is  used  can  easily  be  calculated  for  any  pressure  and  degree  of 
saltness.  Assuming  the  temperature  of  the  feed  water  to  be 
105°,  at  a  pressure  of  20  lbs.,  and  a  saltness  of  the  tem- 
perature of  the  water  in  the  boiler  will  be  2 61° '7,  the  corre- 
sponding total  heat  of  the  steam  being  1194-9,  and  the  quantity 
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of  water  to  bo  blown  out  Is  equal  to  tho  quantity  evaporated. 
We  have  then  : — 

For  evaporation  1  (LI 94°  9  —  105  )  =  1089-0  heat  units, 
blown  out  1  (   201 7  —  105  )  =    150  7  „  „ 
Total  =  1240  0  „  „ 
Consequently  the  heat  lost  by  blowing  out  Ls  or  12.0  per 

cent,  of  tho  total  heat  imparted. 

In  tho  samo  manner  it  will  bo  found  for  a  degree  of  satura- 
tion of  when  tho  quantity  of  water  to  be  blown  out  will  \>t 
•5  tho  quantity  evaporated,  that  the  loss  of  heat  by  blowing  oil 
will  be  only  6*7  per  cent,  of  the  total  heat  imparted 
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BURSTING  AND  COLLAPSING  PRESSURES  OF  CYLINDERS 
Bursting  Pressure. 

The  following  table  of  the  strength  of  cylindrical  shells  to 
resist  internal  bursting  pressure  in  a  direction  parallel  to  their 
axis  is  calculated  by  this  approximate  formula — 

D. 


where  P  zz  bursting  pressure  in  lbs.  per  square  inch, 
T  zz  thickness  of  cylinder  in  sixteenths, 
D  zz  diameter  of  shell  in  quarter  feet, 
c  zz  a  constant,  being, 

1097  for  single  riveting   )  ,  ,  . 

1372  for  double  riveting  )  Wr0l^U  K0U> 
1723  for  single  riveting  \ 
2156  for  double  riveting  I 
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Collapsing  Pressures. 

The  following  tables  give  the  strength  of  tubes  of  perfectly 
circular  form,  or  not  more  than  about  the  thickness  of  plate 
from  tho  true  circle.  As  the  shape  of  long  tubes,  especially 
when  of  large  diameter,  is  very  irregular,  and  liable  to  undergo 
a  gradual  change,  from  tho  heat  being  applied  chiefly  at  the 
crown,  and  from  tho  resistance  to  expansion  caused  by  rigidity 
in  tho  end  plates,  to  say  nothing  of  tho  sudden  distortion 
likely  to  arise  from  incrustation  and  the  use  of  thick  or  greasy 
water,  a  largo  factor  of  safety  should  bo  allowed  for  tho 
blowiug-off  pressure  of  the  boiler.  This  should  in  no  case  bo 
less  than  4,  and  in  new  boilers,  in  which  tho  pressure  is  so 
often  after  a  time  increased,  a  factor  of  not  less  than  G  should 
always  be  allowed. 

The  tables  are  calculated  by  this  approximate  formula — 

p  =  262  4  x  T2 
L  X  D 

P  ss  collapsing  pressure  in  lbs.  per  square  inch, 

T  =  thickness  of  tube  in  thircy -seconds, 

L  S  length  in  feet, 

D  =  diameter  in  quarter  feet. 


Note. — It  is  obvious  that  the  strength  of  a  tube  to  rasut 
collapse  cannot  exceed  the  crushing  strength  of  the  material, 
and  the  application  of  Fairbairn's  rule  is  limited  by  the  crushing 
strength  of  tho  material.  Taking  the  resistance  of  plates  to  a 
crushing  pressure  at  12  tons  per  square  inch,  we  have 

P  =  80C,  300  Ks       53760  x  K_ 
L  D  D 

whence  L  =  K  x  15, 

or  the  crushing  strength  and  collapsing  strength  by  Fairbairri's 
rule  are  equal  when  tho  length  of  tube  in  feet  is  equal  to  tho 
thickness  in  inches  multiplied  by  15.  It  is,  however,  probable 
that  the  collapsing  pressure  of  short  tubes  is  much  less  than 
this,  and  8  instead  of  15  might  be  nearer  the  mark.  Further 
experiments  are  required  to  decide  this. 


CO 

n* 

to 

ONOCTOOJOiMtOHNMONWMH 
CI  H  H  r> 

§ 

OOOOOtOiOOOtOOCOCOOb~»OCO 
O  O  »0  CI  O  CO        CO  CD  to  lq       '^i  Tft  CO  CO  CO 
CO  (M  H  H  r— 1 

CO 

CO  IO       OS  N  CI  H  <M  H<  CO  CO  Oi  O  W  O  CO  'O  . 
Ol  H  tO  CI  C  Q  CO  COIO»Ot)i'^<^"^COCO 
CO  CI  H  H  H 

CO 
CO 

acoioocooiscooifai^o^^Hft 

**n  co  l>»  tji  j— i  o  00      i>-  cotOtOto^^^CO 
CO  CM  i—l  rH  rH  rH 

CO 
CO 

MH<HCMNCilOVOC005COCOH<r-iNWC1 
CO  >o  CI  to  CM  O  Oi  CO       CO  CO  to  to  to  "^f  -<t(  ■H* 
CO  CI  H  H  H  H 

;hes. 

o 

CO 

OlCOOOClOIOW^COH^OtOCiaS 
(MCOrHCDHiC»OOiCONN«0«0»OlO^^ 

^1  £vj  £v|  ,__|  j_(  (_| 

a 

ibe  in  i] 

eOHCO5D»OMNC0C0»rtCOCqN(NCOWH 
^HCOOOlOCOHOaCON^^OCO^VOUJ 
TfCOWHHHHH 

>r  of  Ti 

01 

1 
s 

UOOlOIOWOHCOiOlONOlOOlOHOO 
C1tCHI>IOC0hCO)00CON1>COC>»O 

rH 

CM 

OOOOOrHOCOOCiOCMtOOtOOCO 
OCO^ONiOCOWOOQOOCOhNtO 
5O^C0C^(NHHHHHH 

GO 
rH 

01COOC0O1QOOC050NOC0NCIN 
Q?OtQCOCOON»O^CIHOOOiCOCON 
?O^C0(NCl(NHHHHHHH 

lO 
rH 

OOOWlOClCNCOCOClOOCHOCS'^ 
n*©ClCOCOCOHCOCDW-*ClClHOO>0> 

W 
•H 

OM^aaocicoooHHOO'-'COO 

C5  CI  H  rji  O  CD  CO  H  J>  t>-  W  lO  ^  CO  CI  H 

05 

COClCiOrOOOrHCOVOCOtOOOtO'*^ 
O  CO  O  C  CO  C  UO  H  N  id  CO  H  O  CO  N  O  O 
N  a  CO  iC  Tji  Tji  CO  CO  CI  CI  CI        Ct  H  H  H  H 

^COOOOCl^COCOOCl^COOOOCI^CO 
H  r-i  H  H  H  CN  CI  CI  CI  CI  CO  CO  CO  CO 

3 

CI  <M        r-i  f— «  r-« 

3 

&85S38888S38883S3 

9 

9S3888&333SS88838 

00  CO  Cl  H  m  r » 

3 

8 1 S  83383S33 5 ,  C  6  8  8  8 

s 

S3gSS88s:3S33£S838 

3 

2  S  3  3  S   5  8  2  '£  ?:  2  S  5 £  3 

1 
1 

.2 
J 

8 

I 

s 

3 

HmilMSlS&aS** 

a 

2 

lEsiis&sasssisssa 

2 

2 

iilil?aiii§issls2 

CI  TJlSllO'I 

F  2 


CO  >0  O       C/D  N  H  CO  K  GO  O       05  CO  Ci 
O  Ol  a  CO  Oi  CO  H  O  Oi  Ol  00  l^.  N  o 

CO  CO  Ol  Ol  H  H  H  H  H  H 


OOiOClCONOXinONOiiamO 
Ol  Ol  H  "O  H  W  lO  t)i  (M  h  O  O)  O)  CO  N 
^  T  CO  Ol  Ol  H  M  H  H  H  H 


O  O  NO  »C  CO  CO  O  »0  (M  (M  M  «D  O  Ml  O)  1Q 
1(5  lO  CO  N  Ol  C5  ©  lO  CO  (N  ih  O  05  Oi  CO  NN 
it^COlMlNrtHHHHHH 


^^COHOlCOHHlOOlHOmSOOO 
COCOtOOl^OOOIO^COOlHOOlOCOCO 
^•^CONCMOJrlHHHHHH 


>(0  io  CO  uo  O  >C  O  N  CO  H  H  OHO  CO  Ol  N 
Ol0105H?0  0)CJNlO'tCOO)HOaiOiCO 
tOlOCOCOOlOlHrtHHH'-'HH 


0^010l^?OiOT}tH01«OC001(MlONH»0 
KNOl^COT^Hait^W^COOlHOOOJ 
lOlO^COCNOIC^HHHHHHHHH 


OO01C0i0O50O05HN©i0  50C0HW5 
COCONNHNCOHCONtO^COCMHHO 
©CO^COCOC^WOIr-iHHHHrlHHH 


a05l0OOO01C0l0H>0HOO^MN 
Ol  OS  (M  Ol  iO  O  (O  CO  H  05  N  X  lO  CCJ  Ol  H 
?OCOir5^COCO(M^^HHHHriHHH 


NNOOlCONlOtMCO^COHOONNClH 
COC0ClNO5COC5tOCOHO500«D'O'*C0CO 
N|>iOrt<COCOCq(MOq(MHHrii-iHHH 


OO^OOVCNOOO»Ot^<MOCOCjO 
OON-*l000C0ON-*(MO0)C0t010l0 
0505^LO^COC^COC^(^C>qC>^r-(rHi-(r--ii-( 


(3>ONOOOCOO>0©(M01iOO»>OtO 
■^■*00C0OI>OO>'OHC0©'*(MHO5CON 
OON>?0l01<C0C0C0(M0101(M^p-ir-iH 


^Tt*OlOK^O>0  010)COCONlOlOCOCN 
NNCOrdcONOiCMN(NO>!OCOHC5NCO 
Oi0H0iNOiO»0^1iC0«iC0C0(MCNCM 


aOJ'i'OOONOOCOW^OOCOOO 
OiQNOlfjOCOC.CONCMCOlOCNOiNiO 
OOiQtNOOiN^OlOiO^^^COMW 
<M  CM  r-l  r-l  j-l 


eo 

weoociceoON'Ofwci^csAoo  1 

rH  r^CO«?OlO'«««0-'-0  CC  <?  1  01  H«  1^  —<  CO 
!■»  N  CI  *r  <W  ^  H  J.  1^  IQ  -r  CO  CI  — 1  O  O  O 

ci  :i  oi  n  <o  CI  o  «r  eo  I*  ^  -••  h  cj  -f  ■/)  'M 

f-i  i-t  »0  to  O  to  CI  O  00  CC  OfCC  MHO  O 

CO 

O)  O  f'O  O  ^  N  O  CO  C  O  ?1  H  ?1  ■*  'C  o 
O  O       35  W  CO  f  CI  Ol  CO  O  O  t  CO  :i  H  H 

CO 
CO 

-t<  m<  o  co  n  to  co  co  i<  io  co      CO  CI  1«  'O  o 
—  h  h  c«  i*.  o  'o  co  rn  ?j  N'o  o  <♦  co  :i  h 

CO 
CO 

O  O        CO  O  M  CJ  O  t  CHI  O  N       'O  N  O 

co  »J  co  to  o.  eo      'o  cc  h  c<  j>  c  >    f  co  w 

s 

N  N  CI  ■*  CO  N  -  >0  N  ftCO  CO  H  O  r-  C> 
O  *0  "f  r-<  CI  CO  CI  CO  »0  CO  r-.  C«  *  U'O  O^i 

CI 

ClCWHt000NNC5OtrO1«OCJC0O> 
i.-;  IO  h  N  N  C  O  h  CO  to  CO  CI  O  OJ  s  to  o 

OJ  0»  1-  IQ               CO  CO  CI  CICICKlMrlHH 

C3 

H  H  CO  CO  0  C5  H  1-  -  CI  CO  1  .  O  ^  H  7)  » 

n  n  o  f  co  c  c  c  ci  Tj  -  i>  co  -  :  con 
o  o  co  to  o  <t  ^<  ?:  w  :i  :i  ci  c<  :i  ci  ri  n 

H  rH 

CN 

^  ^  (O  iO  CI  i.C  «  »  S  f  to  M  CI  O  cr.  to  -* 

m  ci  h  co  h         o  to  co  c  co  -o  f  ci  «  o 

CI  <M  Oi  l»  CO  IQ  ^  "*  CO  CO  OQ  CI  CI  CI  CN  CI  CI 
r-t  rH 

CO 

COOOr-N^CItOtOCOONOOLOOOClCO 
CI  (N  CI  O  r-  r-i  CO  N  Cl  33  •  -  CO  O  00  GO  o  co 

^  ^  o  co  n  to  o     i<  «  r:  ?j  co  ci  :i  cn  ci 

>o 

-P  lO  CO  N  UO  Cl  H  ^  CO  CO  O  K  Cl  ^  Cl  i-O 
h  H  CO  CI  O  CO  f  t«  «  to  CI  O  'O  f  CI  o  CO 
N  N  CI  O  OO  N  CO  »o  uo  ^       CO  N  CO  CO  CO  CI 

Oi 
rH 

MWNOHCocO'*cO'ti'0'*cjcor-icoN 
^  «i«  o  oo  n  h  o  h  ^  co  co  O)  o  :i  o  n  o 
HHtocNCQoONtouoc.Tp^ipTrcon 

CI  CN  H  H  H 

C5 

r>-  n  co  h«  oo  r- i  cj  n  O)  ir  35  cn  f- i  to  to 
c  o     h  <n  ci  n  io  uc  <— !  to  —     co  on 

CO  CO  H  I-        '.1  O  05  CO  W  N  CO  O  C  O  VQ  -<ji 
CI  CI  (N  H  H  H  rl 

^COCOOCl'«l'tOQCC(N^tOOOO(N'*tO 

HHHHHCiCNciciacoeccoco 


.  ^^ooo:iwoionhoohm^ 

Cl  (N  (M  IM  10  O  O  CO  H  CS  S  ©  >0  CO  ?l  H 
W»0»O^COCOC1^(MHHHHHHHH 


OOOGOCOOOOi^COt^CqOOJOCl^H 
O'~0C0^W<MC0^<MO00l^O«rfi-^C0CN 
lOlOlQ^COn(NJ)(M^HHr(HHHH 


OOOOlO(MO?00000-^^HOOr-iCO 
OOOC»C^^OCO^.— »OCOl^.CO*0"«*<CO 
tt)CO"O^MCOCO(N!M(NOlHHHHHH 


«0©«5C0005CONO»OlCOO'*'Mr-((MM 
■^^^rHMCOOIOOiOCO- 1  O)  OO  N  CO  lO 
<D500lO^COCOCN(M(M(NHHHHHH 


OOOOCOOOr-iO^COiOOfOlO-+<CO 
OOOCOCOO'Oi— iCO»OCO  r— I  O  CO  t~~»  CO  O 
N  N  N       ^       CO  CO  (M       (M  (M  CM  H  H  H  H 


CO  CO  CO  H  O)  O  H  OS  lO  t-  H  *0  CO       O  O  O 

CO!OOr-«OCOcOCOOt^»OCO»— IOC5COW 
N  NN  CO  lO  -<r  CO  00  CO  (M  CI  CI        (M  H  H  H 


OOOC1000COCO»0  0000~*Ol>-^* 
■^^^NtDC0(NNC0OC0»0TH(NH05N 
00COCOCOlO^^CO03C0ClCl<MClCli-tr-l 


eOCOWOCJCONlOCOCOHNCOCiCOOlN 
CO  CO  M<  CI  CO  CO  H  N  CO  H  M  CO  ^*  CO  H  O 
^       Oi  N  CO  10  ^  ^  CO  00  00  CI  CM  CI  CI  CI  CM 


COCOOOOOO^COOHinCOOOOlNM 
T(<^^fOOCNCOCNCOiO(NOCOCO^CO 
OOOCOKCOIO'CH^COCOCOCOCICICNCM 

1—1  1— i  w— I 


ooooo^ocooccooc^cjoocji>. 

O  O  O  CO  Oj  CO  O  CO  CO  CO  O  CO  ^  CI  O  00  CO 
(N  (M  CI  CJ  1^  CO  CO  O  ^  ^  ^  00  CO  OO  CO  CM  CI 


OOOOCOCSOCIOOiCOOOCOOCSr-l 
O  O  C  Ol  M  Ol  O  Ol  CO  O  CO  CO  O  N  ir,  Ol  H 
rJi^TiiHvlWl-CO'OlO^'^^COCOOOOO 


OOO^OOOCOCIOOt^OCOOVOCO 
COCOoO^CMCO^M<lNHCOHOO^CiaiNi 

cococoeorHOjcoNco«oloio^^^oooo 

rH  i-H  i-l  r-l  rH 


cocoocjoococoocoocooo^^o 
ojoosnoo^co^coo^ococn^co 

OOOCOrt<tNOOOONNCOCO»OCii^ 
CI  CI  CM  H  H  H  H 


oc^acicooio^aoocOHCicoococi 

050505COCDC}0'*HHCOC005^0'0  01 
NNKCMOOlO^CMHOacOl-NNCOCO 
Ol^OlOJnHHHHrt 


^COCOOCl^COCCOCl^COCOOCM^CO 
HHHHHCM(MCMCM(MCOWW«l 


5 

9 

ItlMliaillSISSSS 

9 

aaaaS^iastt&aSssES 

1 

S3 

1 

1 

a 

.2 

i 

l 

k 

1 

HHrlrl 

5 

a 

oo 

gssiasisIBIIlSSlS 

2 

I11II1bII1III21SS 

00 

lO  «0  »Q  »C  t  ©  H  tO  (M  O)  1-  »ft  M  H  O  05  O0 
(O  'O  'O  '-j  'O  1<  1<  CO  CO  Ol  W  N  (N  CI  0^  H  H 

050)OlOiCOCiN000500HOOCOOO^'*i 
03  0)0)0)COQC0001(H05©»OCOHC01 
?0  CO       O  ifl  I1  ^  CO  CO  CO  CI  CK1  H  (N  <M  H 

OOOOIOIOCO(£>10HNCON05(MOQO 
lO  lO  >0  »Q  W  CO        H  K  ^  «  CO  <£)        CO  Ol  O 
t>»      i>»  t>«  to  if;  "^t  ^  CO  CO  CO  CM  CM  CI  CT  CM  CI 

IS 

a 

00 

NNt>.N.CON-t*COCON.<X)HC005lMNM( 
OOOONt>.O^OOMHcOCO'OCO(N 
OO  CO  CO  C/3  CD             *t  ^  CO  CO  CO       CI  (M  CI  C) 

inch 

CO 
00 

■«H  -rrl  -rft  -rrl  <5i         tO  tO  O         '"H  CO  CI  r— 1  CO  fc»  CO 
N  N  N  N  CI  Ol  t)<  CO  >C  Ol  ©  CO  h  Oi  N  O 
00  CO  GO  CO  t»  O  lO             CO  CO  CD  CO  CI  CI  CI  CI 

Tubes 

00 
00 

in  »o  lO  »0  C5  CO  05  C?  N  CO  Cl  ?o  ^  r-  Q  CO  to 
0  0)0)0)  l>»  CO        IT)        t}i  CO  CO  CO  CO  CI  CM  CI 

lindrical 

05 

o 

CO 

OOOOitOOWlCtsS^-HOOOCOH 

lO  lO  >fl  'C  N  IO  O  OO  CI  N  CO  O  N  >0  CI  O  (35 
OOOOCONCOO»O^^^COCOCOCOCI 

o 

$ 

.3 

Diameter  of  Tube  ir 

t~ 

CM 

fOf-0<OtOCICOO)COOO«OCONCO^COM* 
OCOOONMCI^OCOOO^r-iCfjiD^lM 
HHHHOSCONCOCOIQ^^^COCOCOCO 
rH  rH  r— 1  rH 

Wrought 

CI  CI  CI  CI  CO  1^  O  Oi  to  to  to  ^ri  CO       O  CO  ^ 
HHHH05COCICI'0  0)rJ<OCOCCHCOCO 
COCOCOCOOC3CONO»OlOlQ^^^cOCO 
rH  rH  rH  rH  rH 

assures  of 

c3 

OC50)OCiHNCOOCO^NlOO)COHCO 
O  O)  O)  "^t1  t~-»  CO  CO  'O  CO  CI         CO  O)  CO  Ml  rH 
^tHH^CIOOiOOK'OOIOIO^'*^^ 
rH  rH  rH  i— t  rH  r— 1 

)sing  Pi 

00 
rH 

OOOCRCOOCOC10»00)C1>OCOCOH'C 
^Tji^^ic^OiNOOKMNClCOUHCO 
NNNN^CIOO»0)M>COtOi010HO^ 
rH  rH  rH  rH  rH  rH  rH 

, — Collai 

rH 

oaoooo)Cioo)^^coc)0«oNco 

OJCiaiffi^CiHCOHiONO^O'OHOO 
O  O  O  O  1^  H<  CO  H  O  C5  CO  CO  N  l»  CO  CO 
CICICICIrHrHrHrHrH 

i— i 

r* 

r-t 

^HHHtOHOCOClCOMaiNliOOCIOl 
(NCICICiaON^iOHaaOCONCINCI 
COCOCOCOhoOCOtJICOhOOOCOCONN 
CI  CI  CI  CI  CI  i — 1  rH  rH  rH  rH  rH  rH 

COCOCOCOCOOCO^CiOCOlOOCOCOOCI 
OQOOHOOO^CJOlO^lOCOaClN 
^-*Tjt^C3lOHOJN»C^COClHOOO 

J  tit  qqSuoT; 

H^tOCOOClH^tOCOOClHH-OCOOClHHtO 
rH  rH  rH  r— i  rH  CI  CI  CN  CI  CI  CO  00  CO  CO 

INDEX. 


A. 

Adamson's  flanged  tube  seams,  108, 

110,  194,  209 
Air  admission,  270 

—  quantity  required  for  combustion, 

254 

—  space  through  fire  grate,  153 
Annealing  steel  plates,  46 

—      effects  of,  49 
Anti-incrustation  nostrums,  179 
Anthracite  coal,  248 
Armstrong  on  heating  surface,  274 


B. 

Ball  valves,  114 
Balloon  boilers,  3 

Barnaby's   experiments  on  punched 

steel  plates,  48 
Bessemer  steel,  44,  49,  52 
Best  Yorkshire  iron,  33,  38,  G4 
Bituminous  coal,  248 
Blind  rivet  holes,  67 
Blisters,  35,  211,  230 
Blowing-off  for  preventing  incrusta- 
tion, 169 

—  apparatus,  1G9 

—  waste  caused  by,  171,  308 

—  periodical,   necessity  of, 

171,  176 

—  apparatus,  choked  up,  1S6 
Blow-out  valves,  defects  of,  141 

—  —     protection  of,  143 

—  —     versus  taps,  140 
Bourdon  pressure  gauge,  135 
Bowling  plates,  33 

—  hoops  fortunes,  109,  194 
Breeches  flued  b  >ilers,  4 

Brands  of  plates,  33,  36 


Brickwork  about  Innlers,  156,  198 
Bridge,  furnace,  154,  202 

—  area  over,  1 55 

—  inverted,  155 
Bnttleness  of  wrought  iron,  41 

—      cast  iron,  24 
Brix,  IL|  experiments  on  expansion 

of  fire  bars,  153 
Bursting  strength  of  cylinders,  8,  11, 

310 

Butt  Joint*  70,  84 
Butterley  boiler,  4 

C. 

Calcareous  deposits,  162 
Cambered  end  plates,  21 
Carbonate  of  lime,  132,  161,  164 
Cast  iim  for  boilers,  24 

—  tenacity  of,  25 

—  treacherous  nature  of,  25,  2S 
Caulking,  effects  of  careless,  51,  61, 

197 

Chalybeate  waters,  corrosive  nature 

of,  168 
Circulation,  5,  116,  162 

—       defective,  effects  of,  203, 
204 

Chemical  agents  for  removing  scale, 
172 

—  action  as  a  cause  of  grooving, 

197 

—  equivalents,  table  of,  245 
Clark's,  Dr.,  process,  181 

Clark,  E.,  on  riveted  work,  56 

—  D.  K.,  on  heating  surface,  191 
Cleaning,  111,164,  170,  185 

—  Cornish  boilers.  146 

—  flues,  156 
Coal-caking,  153,  154 


322  ini 

Coal,  kinds  of,  248 

—  steam,  250 

—  trials,  260 

—  speed  of  combustion  of,  272 
Coke,  247,  250 

Collapsing  strength  of  tubes,  13,  49 
Cold-hammering,  effect  of,  40,  42,  62 
Combustion,  air  required  for,  254 

—  heat  of,  251 

—  rate  of,  272 
Combustion  chambers,  corrosion  in,  205 
Conducting  power  of  materials,  50,  280 
Construction  of  boilers,  89 

Copper  boilers,  2 

—  for  boiler  making,  25,  30 

—  stay  bolts,  94 

Contraction  and  expansion,  effects  of 
unequal,  36,  40,  203,  204,  205, 
230,  236 

Contraction  of  rivets  in  cooling,  56, 

62,  66 
Cooper's  plates,  33 
Cornish  boilers,  5,  92,  107 

—  —      feed  arrangement  in, 

116 

—  —      tubes,  193 

—  —      grooving  in,  194,  196 

—  —      setting  of,  199 

—  —      overheating  of  fur- 

naces, 166 

—  —      external  corrosion,  204 

—  —      fractures  in,  207 

—  —      expansion  of,  209 

—  —      fire  grates  of,  1 5  4,  2  7 1 
—      testing  of,  219 

—  —      heating    surface  of, 

276,  290,  297 

—  —      power  of,  298,  299 

—  —      flues  of,  137 

—  —      difficulty  of  cleaning, 

146 

Corrosion  produced  by  hydrochloric 
acid,  163 

—  supposed  by  use  of  soda,  174 

—  prevented  by  use  of  soda,  174 

—  induced  by  breaking  skin  of 

plates,  183 

—  internal,  187 

—  prevention  of,  191 

—  caused  by  very  pure  waters, 

192 

—  external,  197 

—  at  boiler  mountings,  205 
Couste,  M.,  on  solubility  of  salts,  161 


Cowburn  safety  valve,  129 
Crystalline  appearance,  39,  41,  214 
Cylinders,  bursting  strength  of,  7, 
213,  310 

—  collapsing  strength  of,  13, 

107,  313 

D. 

Damage  caused  by  getting  up  steam 

too  quickly,  205,  223, 225 
Dampers,  157 

Danger  from  want  of  feed  check  valves, 
113 

—  —  defective   blow-out  ap- 

paratus, 140 

—  - —  using   unguarded  man- 

holes, 144 

—  —  cutting  out  shell  for  dome 

holes,  147 

—  —  accumulation  of  scale,  158 

—  -  -  overheating  of  egg-ended 

boilers,  163 

—  —  using  greasy  water,  166, 

177 

—  —  neglecting  to  blow  out, 

176,  179 

—  —  cooling  boiler  down  sud- 

denly, 184,  209 

—  —  blowing-out  whilehot,  203 

—  —  defective  staying,  227 

—  —   accumulation  of  air  in 

water  tube  boilers,  228 

—  —   priming,  231 

—  —  defective  workmanship, 

217,  230 
Dead  plates,  152,  269 
Dead  water  in  Lancashire  boilers,  157 
Defective  workmanship,  217,  230 
Dewrance's  experiments  on  evapora- 
tive power  of  tubes,  284 
Diagonal  stays,  99 
Domes,  72,  147 

Drifting,  injurious  effects  of,  66,  67,  79 
Drilling  steel  plates,  47 

—  iron  plates,  63 
Ductility  of  copper,  25 

—  iron,  40 

—  steel,  49 

E. 

Egg-ended  boilers,  4,  89,  90,  115 

—  —     blowing  out,  144 
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Egg  ended  boilers,  water  gauges 
137,  138 


for, 


—     floats  for,  139 

—  —     fire  grates  of,  151, 

271 

—  —     flues  for,  150 

—  —    getting    of,  150, 

800 

—  —     staying  of,  98,  230 

—  —     incrustation  in,  103 

—  —     fractures  in,  206, 

207,  208 

—  —  o?erheatingof,211, 

230,  238 

—  —     heating  surface  of, 

276,  290 

—  —  evaporative 

of,  299 

Elastic  limit  of  iron  and  steel 
Blephaut  boilers,  5,  270 
Elliptical  boilers,  11 
Elliptical  tubes,  18 
Evaporative  power  of  be 
293, 

—  —    of  tub! 


Expansion  and  contraction,  effects 

80,  40,  92,  203,  204,    ^TnHrw -pf-BaTet y 


205,  230,  230 

—  sudden,    for  removing 

scale,  1S4 

—  of  tubes  in  Cornish  boilers, 

193 

—  of  long  boilers,  209 
Experiments  on  strength  of  copper,  31 

—  —        iron,  33,  43, 

75 

—  —       tubes,  14 

—  —       spheres,  13 

—  —       steel  plates, 

47,48 

—  —       steel  riveted 

work,  50 

—  —       welded  steel 

bars,  52 

—  —       welded  iron 

plates,  SO, 
87 

—  —       rivets,  50 

—  —       riveted  work, 

69,  71,  73 

—  —  punched&dril- 

led  plates, 
6S 


Experiments  on  strength 
bars,  93 


of  screwed 

boilers, 


—  in  exploding 

239,  241 

—  with  steam  coals,  2»0 

—  evaj>orative  power  of  flat 

surfaces   and  tubes, 
274,  281 
Explosions  of  sectional  boilers,  0 

—  caused  by  injudicious  re- 

pair*, 210 

—  caused    by  overpressure, 

220 

—  caused  by  internal  dynamic 

force,  232 

—  caused  by  ignition  of  gases 
in  flues,  233 

simultaneous,  233 
inte^tigafliqn  of,  287 
electricity  (to  a  cause  of, 

239  "A 
su  pe rh  ea t  i n  gj  4h  e( » ry ,  210 

by  mrbattuE  241 
idaltyeory,  242 


213 


Fairbairn  on  elongation  of  iron  bars,  9 

—  strength  of  wrought  iron 

tul>es,  14 
—         strength  of  wrought  irou 
at  high  temperatures, 
43 

—  strength   of   single  and 

double  riveted  joints, 
69,  71 

—  strength  of  iron  and  cop- 

per stay  bolts,  100 
Faraday,  analysis  of  sea  water,  1G1 
Faruley  plates,  33 

Feed  admission,  best  position  for,  115, 
117,  205 

—  —        through  blow-out  ap- 

paratus, 170 

—  delivery  pipes,  110,  205 

—  temperature  of,  118,  308 

—  heaters,  118,  100,  303 

—  pipes,  furriug  up  of,  119,  163 
Fibrous  iron,  39,  41 

Firebox  staying,  99,  104 
Field's  tubes,  5 

Fireboxes,  25,  30,  91,  93,  99,  103, 
104,  275 
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Fireboxes,  fractures  in,  211 
Firebars,  152 

—  wrought  and  cast  iron,  15  i 

—  hollow,  154 

—  expansion  of,  153 
Fire  doors,  151 
Firegrate,  area,  293 

—  inclined,  154 

—  short  and  long,  271 
Firing,  267 

—  forced,  255 
Flanging  plates,  35 
Flash-flues,  156 

Flat  ends  of  cylinders,  11,  22,  91,  98 

—  staying,  23,  91 

Flat  surfaces,  strength  of,  21,  22,  23 

—  permanent  set  of,  22 

—  for  evaporation,  2/5 
Fletcher,  L.  E.,  experiments  on  boiler 

^  explosions,  241 
— ;  information  about  ex- 

plosions, 243 

Floats,  139 

Flues,  cramped,  156 

—  external,  293 
Fractures  in  cast  iron,  27 

—  appearance  of  in  iron,  29, 

39,  42 

—  in  plates,  35,  78,  92,  115, 

205,  253,  281 
Franklin  Institute,  experiments,  31, 
239 

French  boiler,  5 

Furnace  boilers,  fractures  in,  206, 
207,  210  '  9 

Furnace  mouth  piece,  150 

—  fronts,  152 
Furring,  see  Incrustration. 

—  up  of  feed  apparatus,  119 

—  —    blow  out,  144 
Furrowing,  see  Grooving. 
Fusible  plugs,  131 

—  —    should   be  frequently 

renewed,  133 

G. 

Gadsby's  tubes,  5 
Galloway  boiler,  4,  194,  293 

—  tubes,  111 
Galvanic  action,  94,  183,  190 
Gauge,  mercurial  pressure,  133 

—  dial  pressure,  135 

—  water,  136 


Grate  area,  291,  293 

Gray's,  J.  Macfarlane,  rule  for  efllu 

of  steam,  120 
Grease  in  water  leading  to  over 
heating,  166,  242 

—  and  priming,  150 

—  may  retard  ebullition  and  cir 

culation,  163 

—  as  affected  by  soda,  174 

—  use  of  for  preventing  incrusta 

tion,  177 

—  may  cause  corrosion,  183 
Grooving,  91,  92,  108 

—  in  locomotive  boilers,  196 

—  in  vertical  boilers,  195 

—  in  waggon    and  haystack 

boilers,  195 

—  in  Cornish  and  Lancashire 

boilers,  192,  210 
Gusset  stays,  22,  97 

H. 

Handholes  in  vertical  boilers,  147 
Haystack  boiler,  3,  195 
Heating  surface,  covered  with  soot 
156 

—  —  and  evaporative  power, 

121 

—  —    efficiency  of,  273 

—  —    value  of,  290 
High  pressure  steam,   economy  of 

using,  2,  307 
Hiller,  H.,  boiler  explosions,  243 
Homogeneous  metal,  44 
Hoops,  strengthening  for  tubes,  107 
Hopkinson  safety  valve,  131 
Horse  power  of  boilers,  298 
Hydraulic  riveting,  55 
Hydraulic  test,  217 
Hydrochloric  acid  in  boilers,  168,  176 


Incrustation  on  cast  iron,  28 

—  thickness  of,  158 

—  leads    to  overheating 

158,  229 

—  interferes  with  examina- 

tion, 159 

—  difficulty  of  removing, 

1 59 

—  specific  gravity  of,  150 
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Incrustation,  calcareous,  160 

—  least  in  amount  over  fur- 

nace, 163 

—  loss  of  heat  due  to,  104, 

287,  294 

—  appearance  of,  167 

—  means   for  preventing, 

168 

—  prevented  by  blowing  off, 

169 

—  by  chemical  agents,  172 

—  by   mechanical  agents, 

177 

—  by  smearing  boiler,  178 

—  by  improving  circulation, 

180 

—  prevented    by  surface 

condensation,  182 

—  by  manual  labour,  183 

—  by  electric  agents,  184 
Injectors,  check  valves  on,  114 
Internal  pressure  in  cylinders,  7,  213, 
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Iuternally  fired  Boilers,  see  Cornish 

and  Lancashire  boilers. 
Iron,  wrought,  character  of,  32 
—      —      limit  of  elasticity,  214 

J. 

Jarring  strains,  40,  220,  234 

—     effects  of,  62 
Joints  for  boiler  mountings,  112,  145 

K. 

Kay's  low-water  safety-valve,  131 
Kirkakly's  experiments  on  wrought 
iron,  38 

—  remarks  on  fracture  of 

iron,  40-42 

—  experiments     on  steel 

riveted  joints,  50 

—  experiments   on  welded 

steel  bars,  52 

—  experiments   on  welded 

iron  bars,  86 

—  experiments  on  screwed 

bars,  93 

Kirtley's  experiments  on  strength  of 
welded  iron  plates,  87 

L. 

Lamination  of  plate*,  35,  211,  230 


Lancashire  boilers,  4,  92,  107,  111 

—  —    flues  of,  157,  293 

—  —    overheating  of  fur- 

naces in,  116 

—  —    expansion  of  tubea 

in,  193 

—  —    grooving  in,  193 

—  —    sitting  of,  199 

—  —    external  corrosion 

of,  204 

—  —    fractures  in,  207 

—  —    testing  of,  219 

—  —    heating  surface  of, 

276,  290,  297, 
293 

—  —    fire  grates  of,  271, 

154 

—  —    evaporative  power 

of,  298 
Lap  joints,  69,  73,  SI 
Lap,  defect  of  too  much,  79 

—  amount  of,  82,  84,  85 
Leakage,  80,  91,  220,  228 

—  causes  of,  80S 
Lime,  carbonate  of,  160,  162 

—  Bulphate  of,  160,  161 
Limit  of  elasticity,  214 
Locomotive  boilers,  5,  90,  91,  116, 

117,  146,  204, 
211,  300 

—  —     fire  boxes,  154 

—  —      heating  surface 

of,  290,  -Jul 
Longitudinal  plating,    weakness  of, 

17,  72,  7:*,  89,  90 
Longridge,  It.  B.,  on  explosions,  213 
Low  moor  plates,  33 
Low-water  safety-valves,  131 

M. 

Machine  riveting,  55 

Magnesia,  carbonate  of,  160-162 

—  chloride  of,  168 
Manholes,  defective.  144 

—  covers,  113 

Marten,  E.  B.,  on  explosions,  243 

Maynard,  experiments  on  punched 
and  drilled  plates,  68 

Mechanical  action  as  a  cause  of 
grooving,  197 

Mechanical  agents  for  preventing  in- 
crustation, 177 

Mercurial  pressure  guages,  134 

Monk  bridge  plates,  33 
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Mortar  should  not  be  used  for  boiler 

setting,  156,  198 
Mudholes,  113,  145 
Multitubular  boilers,  4,  277,  293,  299 

—  —     setting  of,  203 

0. 

Oval  boilers,  10,  11 
Oval  tubes,  weakness  of,  18 
Overheating,  caused  by  incrustation, 
158,  166,  211 

—  caused  by  greasy  water. 

179 

—  accumulation  of  air,  228 

—  causes  of,  228 

—  indications  of,  238 

—  as  a  cause  of  explosions, 

241 

Overpressure,  231 
P. 

Peclet  on  incrustation,  165 

—  on  air  admission,  270 

^ —    on  evaporation,  280,  286 
Pitch  of  rivets,  74,  79 

■—    tables  of,  81,  82,  84 
Pitting  of  plates,  189 
Plates,  iron,  32,  206 

—  thick  edge,  91 

—  thick,  69,  71,  84,  90,  281 
Plating,  89 

Potash  for  preventing  incrustation, 
175 

Power,  boiler,  298 

—  evaporative,  273 

—  horse,  298 
Pressure  gauges,  133,  135 

—  —     position  for  fixing, 

136 

—  initial  blowing  off,  120 

— -    high,  economy  of  using,  2, 307 
Priming,  causes  of  and  prevention, 
149,  150,  165,  173 

—  loss  of  water  caused  by,  301 
Punching,  effects  of  on  steel  plates,  47 

—  effects  on  iron  plates,  63, 64 

—  power  required  for,  65 

—  induces  corrosion,  191 

Q. 

Quality  of  iron  plates,  33,  40,  64 

—  copper,  30 


R. 

Rankine,  Prof.,  on  strength  of  flat 
surfaces,  22 
—  on  heating  surface, 

283,  295 

Rastrick  boilers,  5 
Rate  of  combustion,  272 
Reed,  E.  J.,  on  punched  steel  plates, 
48 

—         on  riveted  work,  57 
Rivet  heads,  54,  62,  63,  188 
Rivets,  form  of,  53,  66 

—  large,  81,  83 

—  strength  of,  55,  56,  68 

—  pitch  of,  74,  79,  82 

—  tables,  81,  82,  84 
Riveted  steel  plates,  50 

—  joints,  53 
Riveting  by  machine,  55 

—  defective,  67 

Repairs,  as  affected  by  riveting,  51, 
66 

Rupture  of  fire  boxes,  104 
Russian  iron,  33 

S. 

Sal-ammoniac,  use  of,  176 
Salt  water,  analysis,  161 

—  blowing  out,  171 
Safety  valves,  rule  for  area,  120 

—  —     lift  of,  121 

—  —     effec  ti ve  o  penin  g  of ,  1 2 1 

—  —    disc,  121 

—  —     mitre,  122 

—  —    guides,  123 

—  —    lever,  defects  of,  1 24 

—  —       —    rules  for,  126 

—  —     spring  balauce,  127, 

130 

—  —    dead  weight,  129 

—  — -     Cowburn,  129 

—  —    inoperative,  130 

—  —     low  water,  131 

—  —     overloading,  231 

—  lock,  232 
Safety,  factor  of,  73,  89,  216 
Scale.    See  Incrustation. 
Sectional  or  segmental  boilers,  3,  27, 

159,  228,  278 
—     accumulation  of  air  in,  228 
Screwed  stays,  93 
Setting  boiler,  1 56 

—  —    injudicious,  198 
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Sharp's  experiments  on  steel  plates, 
47 

Sin  ;ii'm_f  strength  of  rivets,  5o 
Ship  plates,  32 
Smoke  prevention,  263 
Snapping  of  iron,  40,  41 
Soda,  use  of  for  preventing  incrusta- 
tion, 172 

—  •  means  for  introducing,  172 

—  destructive  to  packing,  kc.  174 

—  effect  on  plates,  174 

—  used  to  prevent  corrosion,  174, 

102 

—  use  of  with  greasy  water,  175 

—  use  of  may  cause  priming,  1 38, 

173 

—  caustic,  174,  175 

—  salts,  solubility  of,  160 
Spherical  boilers,  3 
Sphere,  strength  of,  19,  25 
Staffordshire  plates,  32 
Stays,  23 

Staying  flat  ends,  23,  91 

—  egg-ended  boilers,  98,  236 

—  fire  boxes,  104 

Steam  domes  and  chambers,  147 

—  pipes,  29 

—  properties  of,  303 

—  etllux  of  into  atmosphere,  120 
Stephenson,   experiments  on  evapo- 
rative power  of  tubes,  2S4 

Steel  for  boiler  making,  45 

—  rivets,  51 

—  welding,  52 

—  corrosion  of  plates,  189,  190 
Stone  boilers,  2 

Strength  of  cylinders,  transverse,  8 

—  longitudinal,  7-11,  72,  73 

—  due  to  lap  joints,  17,  72 

—  collapsing,  13 

—  of  flat  surfaces,  21 

—  of  sphere,  19 

—  of  rivet  iron,  55 

—  of  riveted  joints,  5S,  69,  71, 

173 

—  tensile  of  cast  iron,  25 

—  —     wrought  iron,  38, 

43 

—  —     copper,  31 

—  —     steel,  4 J,  46,  49 

—  —     steel  joints,  50 

—  —     stays,  99 

—  loss  of  by  punching,  €4,  69, 

72 


Strengthening  tubes,  means  for,  107 

—  manholes,  145 

—  domeholes,  150 
Stretching  of  wrought  iron,  9,  42 
Surface  condensation,  1S2 

T. 

Tables  of  diameter  and  pitch  of  rivets, 
81,  82,  84 

—  properties  of  combustibles, 

245 

—  composition  of  coal,  249 

—  heat  of  combustion,  251 

—  results  of  c-al  trials,  2o'0 

—  rates  of  combustion,  272 

—  evaporative  ellicicncy,  296 

—  properties  of  steam, 

—  bursting  pressure  of  cylin- 

ders, 811 

—  collapsing  pressures  of  cy- 

linden,  314 

Tallow,  use  of,  in  boilers,  177 
Tannic  acid  for  incrustation,  175 
Taps,  water  gauge,  133 

—  blow  out,  142 

—  best  taper  of,  142 

—  gland  and  plug,  defects  of,  143 
Taylor  Brothers'  plates,  33 
Temperature,  influence  of,  on  strength, 

31,  43 
Tenacity  of  cast  iron,  25 

—  wrought  iron,  9,  38 

—  copper,  31 

—  steel,  44,  46* 

Test  for  boilers,  hydraulic,  219 

—  —     objections  to,  222 

—  —     duration  of,  222 

—  —  steam,  21S,  2J3 
Testing  iron  plates  and  rivets,  36 

—  steel  plates,  52 
Tie  rods,  94 

Tightness,  importance  of,  80 
Treacherous  character  of  cast  iron,  25 

—  —        steel,  45 

Tubes,  means  for  strengthening,  106 

—  collapse  of,  236 

—  strength  of,  14,  216,  313 

—  steel,  49,  107 

—  length  of  small,  293 

—  distortion  of,  220 

—  evaporative  power  of,  276, 2S4 

—  water,  4,  110,  294 
Tube-plates,  leakage  at,  205 
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Tubulous  boilers,  3,  27,  159,  228, 


U. 

Unit  boiler,  3,  27,  228 

Ure,  Dr.,  analysis  of  sea  water,  161 

V. 

Valves,  feed  back  pressure,  113 

—  safety,  119 

—  blow  out,  141 

Vertical  boiler,  5,  89,  90,  92,  202, 
299 

—  —    fire  grates  of,  154 

—  —    fractures  in,  210 

tr-iT";.    T  srooving  in>  195 

Vibration,  effects  of,  40,  62,  220,  234 
Voltaic  action.   See  Galvanic  action 

W. 

Wagon  boiler,  3,  195 


J  Wash-out  plugs,  146 
Waste  pipes  to  safety  valves,  '125 

—  to  blow  out  apparatus. 

143 

Water  feed,  nature  of,  should  influence 
choice  of  boiler  to  be  used,  159 
— -  pockets,  111,  278 

—  gauges,  136 

—  spaces,  108,  110,  111 

—  tubes,  4,  110,  276,  278,  291 
Wear  and  tear  due  to  overheating 

158  09 
Welded  iron  plates,  86,  197 

—    steel  bars,  52 
Welsh  coal,  248 

Williams  on   evaporative  power  of 

tubes,  289 
Woolf  boiler,  5 

Working  of  wrought-iron  plates,  34 

—  steel  plates,  46 
Wrought-iron  plates,  32 

—  character  of,  34,  45 
— •         tenacity  of,  9,  38 
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Humber  s  Work  on  Water-Supply. 

A  COMPREHENSIVE  TREATISE  on  the  WATER-SUPPLY 
of  CITIES  and  TOWNS.  By  William  Humber,  A.-M.  Inst 
C.E.,  and  M.  Inst.  M.E.  Illustrated  with  50  Double  Plates, 
I  Single  Plate,  Coloured  Frontispiece,  and  upwards  of  250  Wood- 
cuts, and  containing  400  pages  of  Text.  Imp.  4to,  61,  6s.  elegantly 
and  substantially  half-bound  in  morocco. 

List  of  Contents : — 
I.  Historical  Sketch  of  some  of  the  i  Machinery.— XII.  Conduits. — XIII.  Dis- 
means  tliat  have  been  adopted  for  the    tribution  of  Water.—  XIV.  Meters,  Ser- 


Supply  of  Water  to  Cities  and  Towns. —  vice  Pipes,  and  House  Fittings. — XV.  Tho 
II.  Water  and  the  Foreign  Matter  usually  Law  and  Economy  of  Water  Works.— 
associated  with  it. — III.    Rainfall  and 


Evaporation. — IV.  Springs  and  the  water- 
bearing formations  of  various  districts. — 
V.  Measurement  and  Estimation  of  the 
Flow  of  Water.— VI.  On  the  Selection  of 
the  Source  of  Supply. — VII.  Wells. — 
VIII.  Reservoirs. — IX.  The  Purification 
of  Water. — X.    Pumps. — XI.  Pumping 


Law  and  Economy  of  Water  Works. — 
XVI.  Constant  and  Intermittent  Supply. 
—XVII.  Description  of  Plates. — Appen- 
dices, giving  Tables  of  Rates  of  Supply, 
Velocities,  &c.  &c ,  together  with  Specifi- 
cations of  several  Works  illustrated,  among 
which  will  be  found : — Aberdeen,  Bideford, 
Canterbury,  Dundee,  Halifax,  Lambeth, 
Rotherham,  Dublin,  and  others. 


"  The  most  systematic  and  valuable  work  upon  water  supply  hitherto  produced  in 
English,  or  in  any  other  language  ....  Mr.  number's  work  is  characterised  almost 
throughout  by  an  exhaustiveness  much  more  distinctive  of  French  and  German  than 
of  English  technical  treatises," — Engineer. 

Humber  s  Work  o?i  Bridge  Construction. 

A  COMPLETE  and  PRACTICAL  TREATISE  on  CAST  and 
WROUGHT-IRON  BRIDGE  CONSTRUCTION,  including 
Iron  Foundations.  In  Three  Parts — Theoretical,  Practical,  and 
Descriptive.  By  William  Humber,  A.-M.  Inst.  C.E.,andM.  Inst. 
M.E.  Third  Edition,  with  115  Double  Plates.  In  2  vols.  imp.  4to, 
61.  16s.  6d.  half- bound  in  morocco. 
"  A  book— and  particularly  a  large  and  costly  treatise  like  Mr.  H umber's—  which 

has  reached  its  third  edition  may  certainly  be  said  to  have  established  its  own 

reputation. " — £jf£  ineering. 
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Humbers  Modern  Engineering. 

A  RECORD  of  the  PROGRESS  of  MODERN  ENGINEER. 
ING.  First  Series.  Comprising  Civil,  Mechanical,  Marine,  Hy- 
draulic, Railway,  Bridge,  and  other  Engineering  Works,  &c.  By 
William  Humber,  A.-M.  Inst.  C.E.,  &c.  Imp.  4to,  with 
36  Double  Plates,  drawn  to  a  large  scale,  and  Portrait  of  John 
Hawkshaw,  C.E.,  F.R.S.,  &c,  and  descriptive  Letter-press,  Speci- 
fications, &c.    3/.  3s.  half  morocco. 

List  of  the  Plates  and  Diagrams. 


Victoria  Station  and  Roof,  L.  B.  &  S. 
C.  R.  (8 plates);  Southport  Pier  (2  plates); 
Victoria  Station  and  Roof,  L.  C.  &  D.  and 
G.  W.  R.  (6  plates)  ;  Roof  of  Cremorne 
Music  Hall ;  Bridge  over  G.  N.  Railway ; 
Roof  of  Station,  Dutch  Rhenish  Rail  (2 


plates) ;  Bridge  over  the  Thames,  West 
London  Extension  Railway  (5  plates)  ;  Ar- 
mour Plates  ;  Suspension  Bridge,  Thames 
(4  plates)  :  The  Allen  Engine  ;  Suspension 
Bridge,  Avon  (3  plates);  Underground 
Railway  (3  plates). 


HUMBER'S  RECORD  OF  MODERN  ENGINEERING.  Second 
Series.  Imp.  4to,  with  36  Double  Plates,  Portrait  of  Robert  Ste- 
phenson, C.E.,  &c,  and  descriptive  Letterpress,  Specifications, 
&c.    3/.  2s'  naif  morocco. 

List  of  the  Plates  and  Diagrams. 


Birkenhead  Docks,  Low  Water  Basin 
(15  plates);  Charing  Cross  Station  Roof, 
C.  C.  Railway  (3  plates)  ;  Digswell  Via- 
duct, G.  N.  Railway  ;  Robbery  Wood 
Viaduct,  G.  N.  Railway  ;  Iron  Permanent 
Way  ;  Clydach  Viaduct,  Merthyr,  Tre- 
degar, and  Abergavenny  Railway  ;  Ebbw 


Viaduct,  Merthyr,  Tredegar,  and  Aberga- 
venny Railway ;  College  Wood  Viaduct, 
Cornwall  Railway  ;  Dublin  Winter  Palace 
Roof  (3  plates)  ;  Bridge  over  the  Thames, 
L.  C.  and  D.  Railway  (6  plates)  ;  Albert 
Harbour,  Greenock  (4  plates). 


HUMBER'S  RECORD  OF  MODERN  ENGINEERING.  Third 
Series.  Imp.  4to,  with  40  Double  Plates,  Portrait  of  J.  R.  M 'Clean, 
Esq.,  late  Pres.  Inst.  C.E.,  and  descriptive  Letterpress,  Specifica- 
tions, &c.    3/.  2s'  na-lf  morocco. 

List  of  the  Plates  and  Diagrams. 


Main  Drainage,  Metropolis. — 
North  Side. — Map  showing  Interception 
of  Sewers  ;  Middle  Level  Sewer  (2  plates) ; 
Outfall  Sewer,  Bridge  over  River  Lea  (3 
plates);  Outfall  Sewer,  Bridge  over  Marsh 
Lane,  North  Woolwich  Railway,  and  Bow 
and  Barking  Railway  Junction  ;  Outfall 
Sewer,  Bridge  over  Bow  and  Barking 
Railway  (3  plates);  Outfall  Sewer,  Bridge 
over  East  London  Waterworks'  Feeder 
(2  plates) ;  Outfall  Sewer,  Reservoir  (2 
plates);  Outfall  Sewer,  Tumbling  Bay 
and  Outlet ;  Outfall  Sewer,  Penstocks. 
South  Side. — Outfall  Sewer,  Bermondsey 


Branch  (2  plates) ;  Outfall  Sewer,  Reser- 
voir and  Outlet  (4  plates)  ;  Outfall  Sewer, 
Filth  Hoist  ;  Sections  of  Sewers  (North 
and  South  Sides). 

Thames  Embankment. —  Section  of 
River  Wall ;  Steamboat  Pier,  Westminster 
(2  plates) ;  Landing  Stairs  between  Cha- 
ring Cross  and  Waterloo  Bridges  ;  York 
Gate  (2  plates)  ;  Overflow  and  Outlet  at 
Savoy  Street  Sewer  (3  plates)  ;  Steamboat 
Pier,  Waterloo  Bridge  (3  plates);  Junc- 
tion of  Sewers,  Plans  and  Sections ;  Gullies, 
Plans  and  Sections  ;  Rolling  Stock ;  Gra- 
nite and  Iron  Forts. 


HUMBER'S  RECORD  OF  MODERN  ENGINEERING.  Fourth 
Series.  Imp.  4to,  with  36  Double  Plates,  Portrait  of  John  Fowler, 
Esq.,  late  Pres.  Inst.  C.E.,  and  descriptive  Letterpress,  Specifica- 
tions, &c.    3/.  3-f.  half  morocco. 

List  of  the  Plates  and  Diagrams. 


Abbey  Mills  Pumping  Station,  Main 
Drainage,  Metropolis  (4  plates) ;  Barrow 
Docks  (5  plates)  ;  Manquis  Viaduct,  San- 
tiago and  Valparaiso  Railway  (2  plates) ; 
Adam's  Locomotive,  St.  Helen's  Canal 
Railway  (2  plates) ;  Cannon  Street  Station 
Roof,  Charing  Cross  Railway  (3  plates)  ; 
Road  Bridge  over  the  River  Moka  (2 
plates)   Telegraphic  Apparatus  for  Meso- 


potamia ;  Viaduct  over  the  River  Wye, 
Midland  Railway  (3  plates);  St.  German's 
Viaduct,  Cornwall  Railway  (2  plates)  ; 
Wrougbt-Iron  Cylinder  for  Diving  Bell  ; 
Millwall  Docks  (6  plates) ;  Milroy's  Patent 
Excavator,  Metropolitan  District  Railway 
(6  plates) ;  Harbours,  Ports,  and  Break- 
waters (3  plates). 
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St  nuns  in  Iron  Frameworks,  &c. 

GRAPHIC  AND  ANALYTIC  STATICS  IN  THEORY  AND 
COMPARISON.  Their  Practical  Application  to  the  Treatment 
of  Stresses  in  Roofs,  Solid  Girders,  Lattice,  Bowstring  and  Sus- 
pension Bridges,  Braced  Iron  Arches  and  Piers,  and  other  Frame- 
works. To  which  is  added  a  Chapter  <»n  Wind  Pressures.  By  R. 
HUDSON  GRAHAM,  C.K.  With  mum-roil-  Example.,  many  taken 
from  existing  Structures.  Sw>.,  i<>,  .  !..tli. 
"  Mr.  Graham  s  book  will  find  a  place  wherever  graphic  and  analytic  static*  are 
uscil  i»i  studied."  -Enginttr. 

"This  exhaustive  treatise  is  admirably  :ul;i|»u-d  f  r  the  ar«  l.itc<  t  :u:«l  engineer, 
and  will  tend  to  wean  the  profession  from  a  tediout  and  laboured  mode  of  calcula- 
tion. To  prove  the  accuracy  of  the  graphical  demonstrations,  the  author  compares 
them  with  the  analytic  formula:  given  by  Raukine." — Building  Nnvs. 

Strength  of  Girders. 

GRAPHIC  TABLE  for  FACILITATING  the  COMPUTA- 
TION of  the  WEIGHTS  of  WROUGHT- IKON  and  STEEL 
GIRDERS,  &c,  for  Parliamentary  and  other  Estimates.  By 
J.  H.  Watson  Buck,  M.  Inst.  C.  E.    On  a  Sheet,  zs.  6,/. 

Strains  i  Formula  &  Diagrams  for  Calculation  of. 

A  HANDY  BOOK  for  the  CALCULATION  of  STRAINS 
in  GIRDERS  and  SIMILAR  STRUCTURES,  and  their 
STRENGTH  ;  consisting  of  Formulae  and  Corresponding  Diagrams, 
with  numerous  Details  for  Practical  Application,  &c.  By  William 
IIUMBER,  A.-M.  Inst  C.E.,  &c.  Third  Edition.  Cr.  8vot  Js.  6</.  cl. 

Strains. 

THE  STRAINS  ON  STRUCTURES  OF  IRONWORK; 
with  Practical  Remarks  on  Iron  Construction*  By  F.  W.  Sheii.ds, 
M.  Inst.  C.E.  Second  Edition,  with  5  Plates.  Royal  8vo,  $s.  cloth. 
"The  student  cannot  find  a  better  book  on  this  subject  than  Mr.  Sheilas'."— Engineer. 

Barlow  on  the  Strength  of  Materials ,  enlarged. 

A  TREATISE  ON  THE  STRENGTH  OF  MATERIALS, 
with  Rules  for  application  in  Architecture,  the  Construction  of 
Suspension  Bridges,  Railways,  &c.  By  Peter  Barlow,  F.R.S. 
Revised  by  his  Sons,  P.  \V.  and  W.  II.  Barlow.  Edited  by 
W.  Humber,  A-M.  Inst  C.E.  8vo,  i&r.  cloth. 
"The  standard  treatise  upon  this  particular  subject."— Engineer. 

Strength  of  Cast  Iron,  &c. 

A  PRACTICAL  ESSAY  on  the  STRENGTH  of  CAST  IRON 
and  OTHER  METALS.  By  T.  Tredgold,  C.E.  5th  Edition. 
To  which  are  added,  Experimental  Researches  on  the  Strength, 
&0»,  of  Cast  Iron.  By  E.  Hodgkinson.  F.R.S.  8vo,  12s.  cloth. 
%*  Hodgkinson's  Researches,  separate,  price  6s. 

Hydraulics. 

HYDRAULIC  TABLES,  CO-EFFICIENTS,  and  FORMULAE 
for  finding  the  Discharge  of  Water  from  Orifices,  Notches,  Weirs, 
Pipes,  and  Rivers.  With  New  Formulae,  Tables,  and  General 
Information  on  Rain-fall,  Catchment-Basins,  Drainage,  Sewerage, 
and  Water  Supply.  By  J.  Neville,  C.E.,  M.R.I.A.  Third 
Edition,  Revised  and  Enlarged.    Crown  8vo,  14^.  cloth. 
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Hydraulics. 

HYDRAULIC  MANUAL.  Consisting  of  Working  Tables  and 
Explanatory  Text.  Intended  as  a  Guide  in  Hydraulic  Calculations 
and  Field  Operations.  By  Lowis  D'A.  Jackson.  Fourth 
Edition.  Rewritten  and  Enlarged.  Large  Crown  8vo.,  i6.r.  cloth. 
11  Mr.  Jackson's  Hydraulic  Manual  is  recognised  as  the  standard  work  in  this 

department  of  mechanics.    The  present  edition  has  been  brought  abreast  of  the 

most  recent  practice." — Scotsman. 

River  Engineering. 

RIVER  BARS  :  The  Causes  of  their  Formation,  and  their  Treat- 
ment by  '  Induced  Tidal  Scour,'  with  a  Description  of  the  Successful 
Reduction  by  this  Method  of  the  Bar  at  Dublin.  By  I.  J.  Mann, 
Assis.  Eng.  to  the  Dublin  Port  and  Docks  Board.  Rl.  8vo.  Js.  6d.  cl. 

Levelling. 

A  TREATISE  on  the  PRINCIPLES  and  PRACTICE  of 
LEVELLING ;  showing  its  Application  to  Purposes  of  Railway 
and  Civil  Engineering,  in  the  Construction  of  Roads  ;  with  Mr. 
Telford's  Rules  for  the  same.  By  Frederick  W.  Simms, 
F.G.S.,  M.  Inst.  C.E.  Sixth  Edition,  very  carefully  revised,  with 
the  addition  of  Mr.  Law's  Practical  Examples  for  Setting  out 
Railway  Curves,  and  Mr.  Trautwine's  Field  Practice  of  Laying 
out  Circular  Curves.  With  7  Plates  and  numerous  Woodcuts.  8vo, 
8s.  6d.  cloth.  %*  Trautwine  on  Curves,  separate,  $s. 

Practical  Tunnelling. 

PRACTICAL  TUNNELLING  :  Explaining  in  detail  the  Setting 
out  of  the  Works,  Shaft-sinking  and  Heading-Driving,  Ranging 
the  Lines  and  Levelling  under  Ground,  Sub-Excavating,  Timbering, 
and  the  Construction  of  the  Brickwork  of  Tunnels  with  the  amount 
of  labour  required  for,  and  the  Cost  of,  the  various  portions  of  the 
work.  By  F.  W.  Simms,  M.  Inst.  C.E.  Third  Edition,  Revised 
and  Extended.  By  D.  Kinnear  Clark,  M.I. C.E.  Imp.  8vo, 
with  21  Folding  Plates  and  numerous  Wood  Engravings,  30^.  cloth. 

Civil  and  Hydraulic  Engineering. 

CIVIL  ENGINEERING.  By  Henry  Law,  M.  Inst.  C.E. 
Including  a  Treatise  on  Hydraulic  Engineering,  by  George  R. 
Burnell,  M.I. C.E.  Seventh  Edition,  Revised,  with  large  addi- 
tions, by  D.  Kinnear  Clark,  M.  Inst.  C.E.    p.  6d.,  cloth. 

Gas-Lighting. 

COMMON  SENSE  FOR  GAS-USERS:  a  Catechism  of  Gas- 
Lighting  for  Householders,  Gasfitters,  Millowners,  Architects, 
Engineers,  &c.  By  R.  Wilson,  C.E.  2nd  Edition.  Cr.  8vo,  2s.  6d. 

Earthwork, 

EARTHWORK  TABLES,  showing  the  Contents  in  Cubic  Yards 
of  Embankments,  Cuttings,  &c,  of  Heights  or  Depths  up  to  an 
average  of  80  feet.  By  Joseph  Broadbent,  C.E.,  and  Francis 
Campin,  C.E.    Cr.  8vo,  oblong,  $s.  cloth. 
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Tramways  and  their  Working. 

TRAMWAYS  \  THEIR  CONSTRUCTION  and  WORKING. 
Embracing  a  Comprehensive  History  of  the  System,  with  an 
Exhaustive  Analysis  of  the  various  modes  of  Traction,  including 
Horsepower,  Steam,  Heated  Water,  and  Compressed  Air;  a 
Description  of  the  Varieties  of  Rolling  Stock,  and  Ample  Details 
of  Cost  and  Working  Expenses ;  the  Progress  recently  made  in 
Tramway  Construction,  &c,  cS:c.  By  D.  KlNNEAR  CLARK,  M. 
Inst.  C.  E.  With  over  200  Wood  Engravings,  and  13  Folding 
Tlates.    2  vols.    Large  Crown  8vo,  30J.  cloth. 

"All  interested  in  tramways  must  refer  t<>  it.  as  .ill  railway  engineers  have  turned 
to  the  author's  work  '  Railway  Machinery."* — Tht  Engineer. 

"The  work  is  based  on  former  tramway  experience,  and  is  specially  valuable  in 
these  days  of  rapid  change  and  progress." — Engineering. 

Steam. 

STEAM  AND  THE  STEAM  ENGINE,  Stationary  and  Port- 
able.  Being  an  Extension  of  Sewell's  Treatise  on  Steam.  By  D. 
Kinnear  Clark,  M.I.C.E.    Second  Edition.    i2mo,  4/.  cloth. 

Steam  Engine. 

TEXT-BOOK  ON  THE  STEAM  ENGINE.  By  T.  M. 
Goodkve,  M.A.,  Barrister-at-Law,  Author  of  "The  Principles 
of  Mechanics,"  "The  Elements  of  Mechanism,'1  Sec  Fifth 
Edition.  With  numerous  Illustrations.  Crown  8vo,  6s.  cloth* 
"  Mr.  Goodeve's  text-book  is  a  work  of  which  every  young  engineer  should  pos- 
sess himself." — Mining  Journal. 

Steam. 

THE  SAFE  USE  OF  STEAM  :  containing  Rules  for  Unpro- 
fessional Steam  Users.  By  an  Engineer.  4th  Edition.  Sewed,  6d. 

"  If  steam-users  would  but  learn  this  little  book  by  heart,  boiler  explosions  would 
become  sensations  by  their  rarity."— English  Mechanic. 

Smithing  and  Farriery. 

THE  SMITHY  AND  FORGE.  A  Rudimentary  Treatise, 
including  Instructions  in  the  Farrier's  Art,  and  a  Chapter  on 
Coach-Smithing.    By  \Y.  J.  H.  Cram:.    1$.  cloth. 

Mechanical  Ji ngineering. 

DETAILS  OF  MACHINERY  :  Comprising  Instructions  for  the 
Execution  of  various  Works  in  Iron,  in  the  Fitting-Shop,  Foundry, 
and  Boiler- Yard.    By  Francis  Cam  tin,  C.E.    3*.  6d.  cloth. 

Mechanical  Engineering. 

MECHANICAL  ENGINEERING:  Comprising  Metallurgy, 
Moulding,  Casting,  Forging,  Tools,  Workshop  Machinery,  Manu- 
facture of  the  Steam  Engine,  &c.  By  F.  Campin,  C.E.  3J.  cloth. 

Works  of  Construction. 

MATERIALS  AND  CONSTRUCTION  :  a  Theoretical  and 
Practical  Treatise  on  the  Strains,  Designing,  and  Erection  of 
WTorks  of  Construction.  By  F.  Campin, C.E.  i2mo,     6d.  cL  brds. 

Iron  Bridges,  Girders,  Roofs,  &e. 

A  TREATISE  ON  THE  APPLICATION  OF  IRON 
TO  THE  CONSTRUCTION  OF  BRIDGES,  GIRDERS, 
ROOFS,  AND  OTHER  WORKS.  By  F. Campin,  C.E.  121110,3^. 
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Bridge  Construction  in  Masonry,  Timber,  &  Iron. 

EXAMPLES  OF  BRIDGE  AND  VIADUCT  CONSTRUC- 
TION IN  MASONRY,  TIMBER,  AND  IRON  ;  consisting  of 
46  Plates  from  the  Contract  Drawings  or  Admeasurement  of  select 
•Works.  By  W.  Davis  Haskoll,  C.E.  Second  Edition,  with 
the  addition  of  554  Estimates,  and  the  Practice  of  Setting  out  Works, 
with  6  pages  of  Diagrams.  Imp.  4to,  2/.  \2s.  6d.  half-morocco. 
"A  work  of  the  present  nature  by  a  man  of  Mr.  Haskoll's  experience,  must  prove 
n valuable.    The  tables  of  estimates  considerably  enhance  its  value." — Engineering. 

Oblique  Bridges. 

A  PRACTICAL  and  THEORETICAL  ESSAY  on  OBLIQUE 
BRIDGES,  with  13  large  Plates.  By  the  late  Geo.  Watson 
Buck,  M.  I.  C.  E.  Third  Edition,  revised  by  his  Son,  J.  H.  Watson 
Buck,  M.I.C.E.  ;  and  with  the  addition  of  Description  to  Dia- 
grams for  Facilitating  the  Construction  of  Oblique  Bridges,  by 
W.  H,  Barlow, M.I.C.E.  Royal 8vo,  12s. cloth. 
"  The  standard  text  book  for  all  engineers  regarding  skew  arches." — Engineer. 

Oblique  Arches. 

A  PRACTICAL  TREATISE  ON  THE  CONSTRUCTION  of 
OBLIQUE  ARCHES.  By  John  Hart.  3rdEd.  Imp.  8vo,  8j.cloth. 

Boiler  Construction. 

THE  MECHANICAL  ENGINEER'S  OFFICE  BOOK: 
Boiler  Construction.  By  Nelson  Foley,  Cardiff,  late  Assistant 
Manager  Palmer's  Engine  Works,  Jarrow.  With  29  full-page 
Lithographic  Diagrams.    Folio  21s.  half-bound. 

Locomotive-Engine  Driving. 

LOCOMOTIVE-ENGINE  DRIVING  ;  a  Practical  Manual  for 
Engineers  in  charge  of  Locomotive  Engines.  By  Michael 
Reynolds,  M.  S.  E.  Sixth  Edition.  Including  A  KEY  TO  THE 
LOCOMOTIVE  ENGINE.  With  Illustrations.  Cr.8vo,  4s.6d.  cl. 

u  Mr.  Reynolds  has  supplied  a  want,  and  has  supplied  it  well." — Engineer. 

The  Engineer,  Fireman,  and  Engine-Boy. 

THE  MODEL  LOCOMOTIVE  ENGINEER,  FIREMAN, 
AND  ENGINE-BOY.    By  M.  Reynolds.    Crown  8vo,  4s.  6d. 

Stationary  Engine  Driving. 

STATIONARY  ENGINE  DRIVING.  A  Practical  Manual  for 
Engineers  in  Charge  of  Stationary  Engines.  By  Michael  Rey- 
nolds. Second  Edition,  Revised  and  Enlarged.  With  Plates  and 
Woodcuts.    Crown  8vo,  4s.  6d.  cloth. 

Engine- Driving  Life. 

ENGINE-DRIVING  LIFE  ;  or  Stirring  Adventures  and  Inci- 
dents in  the  Lives  of  Locomotive  Engine- Drivers.  By  Michael 
Reynolds.    Eighth  Thousand.    Crown  8vo,  2s.  cloth. 

Continuous  Railway  Brakes. 

CONTINUOUS  RAILWAY  BRAKES.  A  Practical  Treatise  on 
the  several  Systems  in  Use  in  the  United  Kingdom  ;  their  Construc- 
tion and  Performance.  With  copious  Illustrations  and  numerous 
Tables.    By  Michael  Reynolds.    Large  Crown  8vo,  gs.  cloth. 
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Cons/ruction  of  Iron  Beams,  Pillars,  &c. 

IKON  AND  HEAT  ;  exhibiting  the  Principles  concerned  in  the 
construction  of  Imn  l'.-  .nn  .,  Pillars,  and  Bridge  Girders,  and  the 
Action  of  Heat  in  the  Smelting  Furnace.  By  J.  ARMOUR,  C.E.  3/. 

Fire  Engineering. 

FIRES,  FIRE-ENGINES,  AND.,  FIRE  BRIGADES.  With 
a  History  of  Fire-Engines,  their  Construction,  Use,  and  Manage- 
ment ;  Remarks  on  Fire- Proof  Buildings,  and  the  Preservation  of 
Life  from  Fire;  Statistics  of  the  Fire  Appliances  in  English 
Towns  ;  Foreign  Fire  Systems  ;  Hints  on  Fire  Brigades,  &c,  &c 
By  Charles  F.  T.  Young,  C.E.    Demy  8vo,  1/.  4/.  cloth. 

Trigonometrical  Surveying. 

AN  OUTLINE  OF  THE  METHOD  OF  CONDUCTING  A 
TRIGONOMETRICAL  SURVEY,  for  the  Formation  of  Geo- 
graphical  and  Topographical  Maps  and  Plans,  Military  Recon- 
naissance, Levelling,  &c,  with  the  most  useful  Problems  in  Geodesy 
and  Practical  Astronomy.  By  Lieut.-Gen.  Frome,  R.E.,  late  In- 
spector-General of  Fortifications.  Fourth  Edition,  Enlarged,  and 
partly  Re-written.  By  Captain  Charlrs  Warren,  R.E.  With 
19  Plates  and  115  Woodcuts,  royal  8vo,  idr.  cloth. 

Tables  of  Curves. 

TABLES  OF  TANGENTIAL  ANGLES  and  MULTIPLES 
for  setting  out  Curves  from  5  to  200  Radius.  By  ALEXANDER 
Beazeley,  M.  Inst.  C.E.  Third  Edition.  Printed  on  48  Cards, 
and  sold  in  a  cloth  box,  waistcoat- pocket  size,  3/.  6d. 

'  Each  table  is  printed  on  a  small  card,  which,  being  placed  on  the  theodolite,  leaves 
the  hands  free  to  manipulate  the  instrument."— Engineer. 

"  Very  handy  ;  a  man  may  know  that  all  his  day's  work  must  fall  on  two  of  these 
cards,  which  he  puts  into  his  own  card-case,  and  leaves  the  rest  behind." — 

Pioneer  Engineering.  lAtA******. 

TIONEER  ENGINEERING.  A  Treatise  on  the  Engineering 
Operations  connected  with  the  Settlement  of  Waste  Lands  in  New 
Countries.  By  Edward  Dobson,  A. I. C.E.  With  Plates  and 
Wood  Engravings.  Revised  Edition.  i2mo,  $s.  cloth. 
"  A  workmanlike  production,  and  one  without  possession  of  which  no  man  should 
start  to  encounter  the  duties  of  a  pioneer  engineer." — Atheneeum. 

Engineering  Fieldwork. 

THE  PRACTICE  OF  ENGINEERING  FIELDWORK, 
applied  to  Land  and  Hydraulic,  Hydrographic,  and  Submarine 
Surveying  and  Levelling.  Second  Edition,  revised,  with  consider- 
able additions,  and  a  Supplement  on  WATERWORKS,  SEWERS, 
SEWAGE,  and  IRRIGATION.  By  W.  Davis  Haskoll,  C.E. 
Numerous  folding  Plates.    In  1  Vol.,  demy  8vo,  1/.  $s. ,  cL  boards. 

Large  Tunnel  Shafts. 

THE  CONSTRUCTION  OF  LARGE  TUNNEL  SHAFTS. 
By  J.  H.  Watson  Buck,  M.  Inst.  C.E.,  &c.  Illustratedwith  Fold- 
ing Plates.    Royal  8vo,  12s.  cloth. 

M  Many  of  the  methods  given  are  of  extreme  practical  value  to  the  mason,  and  the 
observations  on  the  form  of  arch,  the  rules  for  ordering  the  stone,  and  the  construc- 
tion of  the  templates,  will  be  found  of  considerable  use.  We  commend  the  book  to 
the  profession,  and  to  all  who  have  to  build  similar  shafts." — Building  News. 
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Survey  Practice. 

AID  TO  SURVEY  PRACTICE  :  for  Reference  in  Surveying, 
Levelling,  Setting-out  and  in  Route  Surveys  of  Travellers  by  Land 
and  Sea.    With  Tables,  Illustrations,  and  Records.    By  Lowis 
D'A.  Jackson,  A.-M.I.C.E.    Author  of  "Hydraulic  Manual  and 
Statistics,"  &c.    Large  crown  8vo,  \zs.  6cf.,  cloth. 
44  Mr.  Jackson  has  had  much  and  varied  experience  in  field  work  and  some  know- 
ledge of  bookmaking,  and  he  has  utilised  both  these  acquirements  with  a  very  useful 
result.    The  volume  covers  the  ground  it  occupies  very  thoroughly." — Engineering. 

"A  general  text  book  was  wanted,  and  we  are  able  to  speak  with  confidence  of 
Mr.  Jackson's  treatise.  .  .  .  We  cannot  recommend  to  the  student  who  knows 
something  of  the  mathematical  principles  of  the  subject  a  better  course  than  to  fortify 
his  practice  in  the  field  under  a  competent  surveyor  with  a  study  of  Mr.  Jackson  s 
useful  manual.  The  field  records  illustrate  every  kind  of  survey,  and  will  be  found 
an  essential  aid  to  the  student." — Building  Nexvs. 

Sanitary  Work. 

SANITARY  WORK  IN  THE  SMALLER  TOWNS  AND 
IN  VILLAGES.  Comprising  : — I.  Some  of  the  more  Common 
Forms  of  Nuisance  and  their  Remedies  ;  2.  Drainage ;  3.  Water 
Supply.  By  Chas.  Slagg,  Assoc.  M.  Inst.  C.E.  Second  Edition, 
Revised  and  Enlarged.  3^.  6d.,  cloth  boards.  \Jnst  published. 
"This  book  contains  all  that  such  a  treatise  can  be  expected  to  contain,  and  is 
sound  and  trustworthy  in  every  particular." — Bitildcr. 

Gas  and  Gasworks. 

THE  CONSTRUCTION  OF  GASWORKS  AND  THE 
MANUFACTURE  AND  DISTRIBUTION  OF  COAL-GAS, 
Originally  written  by  S.  Hughes,  C.E.  Sixth  Edition.  Re-written 
and  enlarged,  by  W.  Richards,  C.E.    i2mo,  $s.  cloth. 

Waterworks  for  Cities  and  Towns. 

WATERWORKS  for  the  SUPPLY  of  CITIES  and  TOWNS, 
with  a  Description  of  the  Principal  Geological  Formations  of  Eng- 
land as  influencing  Supplies  of  Water.  By  S.  Hughes.  4s.  6d.  cloth. 

Fuels  and  their  Economy. 

FUEL,  its  Combustion  and  Economy  ;  consisting  of  an  Abridg- 
ment of  "  A  Treatise  on  the  Combustion  of  Coal  and  the  Prevention 
of  Smoke."  By  C.  W.  Williams,  A. I. C.E.  With  extensive 
additions  on  Recent  Practice  in  the  Combustion  and  Economy  of 
Fuel — Coal,  Coke,  Wood,  Peat,  Petroleum,  &c.  ;  by  D.  Kin- 
near  Clark,  M.  Inst.  C.E.  Second  Edition,  revised.  With 
Illustrations.  i2mo.  4.J.  cloth  boards. 
"  Students  should  buy  the  book  and  read  it,  as  one  of  the  most  complete  and  satis- 
factory treatises  on  the  combustion  and  economy  of  fuel  to  be  had." — Engineer. 

Roads  and  Streets. 

THE  CONSTRUCTION  OF  ROADS  AND  STREETS.  In 
Two  Parts.  I.  The  Art  of  Constructing  Common  Roads.  By 
Henry  Law,  C.E.  Revised  and  Condensed.  II.  Recent 
Practice  in  the  Construction  of  Roads  and  Streets  :  including 
Pavements  of  Stone,  Wood,  and  Asphalte.  By  D.  Kinnear 
Clark,  M.  Inst.  C.E.  Second  Edit,  revised.  i2mo,  $s.  cloth. 
e<  A  book  which  every  borough  surveyor  and  engineer  must  possess,  and  of  consi- 
derable service  to  architects,  builders,  and  property  owners. " — Building  News. 
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Locomotives. 

LOCOMOTIVE  ENGINES,  A  Rudimentary  Treatise  on.  Com. 
prising  an  Historical  Sketch  and  Description  of  the  Locomotive 
Engine.  By  ().  D.  Dkmi  sky,  C.E.  With  large  additions  treat- 
ing of  the  Modern  Locomotive,  by  D.  Kinnear  Clark, 
M.  Inst.  C.E.    With  Illustrations.    l2mo.    y.  6d.   cloth  boards. 

"The  student  cannot  fail  to  profit  largely  by  adopting  tin*  as  bis  preliminary  text- 
book."— Iron  and  Coal  I'nnL  •>  A'<  .  ,  •;<•. 

Field  Book  for  Engineers. 

THE  ENGINEER'S,  MINING  SURVEYOR'S,  and  CON- 
TRACTOR'S FIELD-BOOK.  By  W.  Davis  Haskoll,  C.E. 
Consisting  of  a  Series  of  Tables,  with  Rules,  Explanations  of 
Systems,  and  Use  of  Theodolite  for  Traverse  Surveying  and  Plotting 
the  Work  with  minute  accuracy  by  means  of  Straight  Edge  and  Set 
Square  only;  Levelling  with  the  Theodolite,  Casting  out  and  Re- 
ducing Levels  to  Datum,  and  Plotting  Sections  in  the  ordinary 
manner;  Setting  out  Curves  with  the  Theodolite  by  Tangential 
Angles  and  Multiples  with  Right  and  Left-hand  Readings  of  the 
Instrument ;  Setting  out  Curves  without  Theodolite  on  the  System 
of  Tangential  Angles  by  Sets  of  Tangents  and  Offsets ;  and  Earth- 
work Tables  to  80  feet  deep,  calculated  for  every  6  inches  in  depth. 
With  numerous  Woodcuts.  4th  Edition,  enlarged.  Cr.  8vo.  I2J.  cloth. 
"  The  book  is  very  handy,  and  the  author  might  have  added  that  the  separate  table* 

of  sines  and  tangents  to  every  minute  will  make  it  useful  for  many  other  purposes,  the 

genuine  traverse  tables  existing  all  the  same." — Aikctutum. 

Earthwork,  Measurement  and  Calculation  of. 

A  MANUAL  on  EARTHWORK.  By  Alex.  J.  S.  Graham, 
C.E.  With  numerous  Diagrams.  l8mo,  2s.  6d.  cloth. 
"As  a  really  handy  book  for  reference,  we  know  of  no  work  equal  to  it ;  and  the 
railway  engineers  and  others  employed  in  the  measurement  and  calculation  of  earth- 
work will  find  a  great  amount  of  practical  information  very  admirably  arranged,  and 
available  for  general  or  rough  estimates,  as  well  as  for  the  more  exact  calculations 
required  in  the  engineers'  contractor's  offices. "'-Artisan. 


THE  WORKMAN'S  MANUAL  OF  ENGINEERING 
DRAWING.  By  JottN  Maxton,  Instructor  in  Engineering 
Drawing,  Royal  Naval  College,  Greenwich,  formerly  of  R.  S.  N.  A., 
South  Kensington.  Fifth  Edition,  carefully  revised.  With  upwards 
of  300  Plates  and  Diagrams.  i2mo,  cloth,  strongly  bound,  41. 
"  A  copy  of  it  should  be  kept  for  reference  in  every  drawing  office." — Engineering. 
"  Indispensable  for  teachers  of  engineering  drawing." — Mechanics*  Magazine. 


Wealds  Dictionary  of  Terms. 

A  DICTIONARY  of  TERMS  used  in  ARCHITECTURE, 
BUILDING,  ENGINEERING,  MINING,  METALLURGY, 
ARCHAEOLOGY,  the  FINE  ARTS,  &c.  By  John  Weale. 
Fifth  Edition,  revised  by  Robert  Hunt,  F.R.S.,  Keeper  of  Mining 
Records,  Editor  of  "  Ure's  Dictionary  of  Arts."  l2mo,  6s.  cl  bds. 


n  The  best  small  technological  dictionary  in  the  language." — Architect. 

M  The  absolute  accuracy  of  a  work  of  this  character  can  only  be  judged  of  after 
extensive  consultation,  and  from  our  examination  it  appears  very  correct  and  very 
complete."— Mining  journal. 
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MINING,  METALLURGY,  ETC. 

Metalliferous  Mining. 

BRITISH  MINING.  A  Practical  Treatise  on  the  iMetalliferous 
Mines  and  Minerals  of  the  United  Kingdom,  dealing  comprehen- 
sively with  the  Theories  of  Mineral  Deposits,  the  History  of 
Mines,  their  Practical  Working,  and  the  Future  Prospects  of 
British  Mining  Industry.  Super  royal  8vo.  Fully  Illustrated. 
By  Robert  Hunt,  F.R.S.,  Keeper  of  Mining  Records ;  Editor 
of  "  Ure's  Dictionary  of  Arts,  Manufactures,  and  Mines,"  &c. 

[In  the  press. 

Coal  and  Iron. 

THE  COAL  AND  IRON  INDUSTRIES  OF  THE  UNITED 
KINGDOM  :  comprising  a  Description  of  the  Coal  Fields,  and  of 
the  Principal  Seams  of  Coal,  with  returns  of  their  Produce  and  its 
Distribution,  and  Analyses  of  Special  Varieties.  Also,  an  Account 
of  the  occurrence  of  Iron  Ores  in  Veins  or  Seams  ;  Analyses  of 
each  Variety  ;  and  a  History  of  the  Rise  and  Progress  of  Pig  Iron 
Manufacture  since  the  year  1740,  exhibiting  the  economies  intro- 
duced in  the  Blast  Furnaces  for  its  Production  and  Improvement. 
By  Richard  Meade,  Assistant  Keeper  of  Mining  Records.  With 
Maps  of  the  Coal  Fields  and  Ironstone  Deposits  of  the  United 
Kingdom.    8vo.,  £1  8s.  cloth. 

Metalliferous  Minerals  and  Mining. 

A  TREATISE  ON  METALLIFEROUS  MINERALS  AND 
MINING.    ByD.  C.  Davies,  F.G.S.    With  Numerous  Wood 
Engravings.    Second  Edition,  revised.    Cr.  8vo,  12s.  6d.  cloth. 
"  Without  question,  the  most  exhaustive  and  the  most  practically  useful  work  we 

have  seen  ;  the  amount  of  information  given  is  enormous,  and  it  is  given  concisely 

and  intelligibly." — Mining  Journal. 

Earthy  Minerals  and  Mining. 

EARTHY  AND  OTHER  MINERALS,  AND  MINING. 
ByD.  C.  Davies,  F.G.S.  Uniform  with,  and  forming  a  com- 
panion volume  to,  the  same  Author's  "  Metalliferous  Minerals  and 
Mining."    With  numerous  Illustrations.  [In  the  press. 

Slate  and  Slate  Quarrying. 

A  TREATISE  ON  SLATE  AND  SLATE  QUARRYING, 
Scientific,  Practical,  and  Commercial.  By  D.  C.  Davies,  F.G.S. 
Illustrated.    Second  Edition,  revised.    3J.  6d.  cloth. 

Mining,  Surveying  and  Valuing. 

THE  MINERAL  SURVEYOR  AND  VALUER'S  COM- 
PLETE GUIDE,  comprising  a  Treatise  on  Improved  Mining 
Surveying,  with  new  Traverse  Tables;  and  Descriptions  of  Im- 
proved Instruments  ;  also  an  Exposition  of  the  Correct  Principles 
of  Laying  out  and  Valuing  Home  and  Foreign  Iron  and  Coal 
Mineral  Properties.  By  William  Lintern,  Mining  and  Civil 
Engineer.  With  four  Plates  of  Diagrams,  Plans,  &c,  l2mo,  4*.  cloth. 
***  Also,  bound  with  Thoman's  Tables.    *]s.  6d.    (See  page  20.) 
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Metallurgy  of  Irou. 

A  TREATISE  ON  THE  METALLURGY  OF  IRON  :  con- 
taining  Outlines  of  the  History  of  Iron  Manufacture,  Methods  of 
Assay,  and  Analyses  of  Iron  Ores,  Processes  of  Manufacture  of 
Iron  and  Steel,  &c.  By  H.  Bauerman,  F.G.S.  Fifth  Edition, 
Revised  and  Enlarged.    Illustrated.    5.*.  6</.,  cloth. 

Coal  and  Coal  Mining. 

COAL  AND  COAL  MINING.    By  Wajungton  W.  Smyth, 
M.A.,  F.R.S.,  &c,  Chief  Inspector  of  the  Mines  of  the  Crown. 
Fifth  edition,  revised.    4/.  cloth. 
"  Every  portion  of  the  volume  appears  to  have  been  prepared  with  much  care,  and 
as  an  outline  is  given  of  every  known  coal-Acid  in  this  and  other  countries,  as  well  as 
of  the  two  principal  methods  of  working,  the  book  will  doubtless  interest  a  very 
large  number  of  readers." — Mining  Journal. 

Underground  Pumping  Machinery. 

MINE  DRAINAGE;  being  a  Complete  and  Practical  Treatise 
on  Direct-Acting  Underground  Steam  Pumping  Machinery,  with 
a  Description  of  a  large  number  of  the  best  known  Engines,  their 
General  Utility  and  the  Special  Sphere  of  their  Action,  the  Mode 
of  their  Application,  and  their  merits  compared  with  other  forms  of 
Pumping  Machinery.    By  Stephen  Michell.    8vo,  15/.  cloth. 

Manual  of  Mining  Tools. 

MINING  TOOLS.  By  W.  Morgans.  Text,ri2mo,  y.  Atlas 
of  235  Illustrations,  4to,  6s.    Together,  9/.  cloth. 


NAVAL  ARCHITECTURE,  NAVIGATION,  ETC 
Pocket  Book  for  Naval  Architects& Shipbuilders. 

THE  NAVAL  ARCHITECT'S  AND  SHIPBUILDER'S 
POCKET  BOOK  OF  FORMULAE,  RULES,  AND  TABLES 
AND  MARINE  ENGINEER'S  AND  SURVEYOR'S  HANDY 
BOOK  OF  REFERENCE.  By  Clement  Mackrow,  M.  Inst. 
N.  A.,  Naval  Draughtsman.  Second  Edition,  revised.  With 
numerous  Diagrams.  Fcap.,  I2J.  strongly  bound  in  leather. 
"  Should  be  used  by  all  who  are  engaged  in  the  construction  or  design  of  vessels." 
— Engineer. 

"  Mr.  Mackrow  has  compressed  an  extraordinary  amount  of  information  into  this 
useful  volume." — Athencrutn. 

Pocket-Book  for  Marine  Enoiyicers. 

A  POCKET-BOOK  OF  USEFUL  TABLES  AND  FOR- 
MULA FOR  MARINE  ENGINEERS.  By  Frank  Proctor, 
A.  I.N.  A.     Third  Edition.    Royal  32mo,  leather,  gilt  edges,  \s. 

"  A  most  useful  companion  to  all  marine  engineers." — United  Service  Gazette. 

M  Scarcely  anything  required  by  a  naval  engineer  appears  to  have  been  for- 
gotten."— Iron, 

Grantham  s  Iron  Ship- Building. 

ON  IRON  SHIP-BUILDING  ;  with  Practical  Examples  and 
Details.  By  John  Grantham,  M.  Inst.  C.E.,  &c.  Fifth  Edition. 
40  Plates.    Imp.  4to,  bds.,  with  separate  Text,  2/.  2s.  complete. 
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Light-Houses. 

EUROPEAN  LIGHT-HOUSE  SYSTEMS  ;  being  a  Report  of 
a  Tour  of  Inspection  made  in  1873.  By  Major  George  H. 
Elliot,  Corps  of  Engineers,  U.S.A.  Illustrated  by  51  En- 
gravings and  31  Woodcuts  in  the  Text.    8vo,  21s.  cloth. 

Surveying  [Land  and  Marine). 

LAND  AND  MARINE  SURVEYING,  In  Reference  to  the 
Preparation  of  Plans  for  Roads  and  Railways,  Canals,  Rivers, 
Towns'  Water  Supplies,  Docks  and  Harbours  ;  with  Description 
and  Use  of  Surveying  Instruments.  By  W.  Davis  Haskoll,  C.  E. 
With  14  folding  Plates,  and  numerous  Woodcuts.  8vo,  12s.  6d.  cloth. 

Storms. 

STORMS  :  their  Nature,  Classification,  and  Laws,  with  the 
Means  of  Predicting  them  by  their  Embodiments,  the  Clouds. 
By  William  Blasius.    Crown  8vo,  iar.  6d.  cloth  boards. 

Rudimentary  Navigation, 

THE  SAILOR'S  SEA-BOOK:  a  Rudimentary  Treatise  on  Navi- 
gation. By  James  Greenwood,  B.  A.  New  and  enlarged  edition. 
By  W.  H.  Rosser.    i2mo,  3*.  cloth  boards. 

Mathematical  and  Nautical  Tables. 

MATHEMATICAL  TABLES,  for  Trigonometrical,  Astronomical, 
and  Nautical  Calculations  ;  to  which  is  prefixed  a  Treatise  on 
Logarithms.  By  Henry  Law,  C.E.  Together  with  a  Series  of 
Tables  for  Navigation  and  Nautical  Astronomy.  By  Professor 
J.  R.  Young.    New  Edition.    i2mo,  4s.  cloth  boards. 

Navigation  (Practical),  with  Tables. 

PRACTICAL  NAVIGATION  :  consisting  of  the  Sailor's  Sea- 
Book,  by  James  Greenwood  and  W.  H.  Rosser  ;  together 
with  the  requisite  Mathematical  and  Nautical  Tables  for  the  Work- 
ing of  the  Problems.  By  Henry  Law,  C.E.,  and  Professor 
J.  R.  Young.  Illustrated.  i2mo,  7^.  strongly  half-bound  in  leather. 


WEALE'S  RUDIMENTARY  SERIES. 

The  following  books  in  Naval  Architecture,  etc.,  are  published  in  the 
above  series, 

NAVIGATION  and  NAUTICAL  ASTRONOMY  IN  THEORY 

AND  PRACTICE.  By  Professor  J.  R.  Young.  New  Edition. 

Including  the  Requisite  Elements  from  the  Nautical  Almanac  for 

Working  the  Problems.    i2mo,  2s.  6d.  cloth. 
MASTING,  MAST-MAKING,  AND  RIGGING  OF  SHIPS.  By 

Robert  Kipping,  N.A.  Fifteenth  Edition.  i2mo,  2s.  6d.  cloth. 
SAILS   AND   SAIL-MAKING.     Tenth   Edition,    enlarged.  By 

Robert  Kipping,  N.A.    Illustrated.   i2mo,  3^.  cloth  boards. 
NAVAL  ARCHITECTURE.    By  James  Peake.    Fifth  Edition, 

with  Plates  and  Diagrams.    i2mo,  4s.  cloth  boards. 
MARINE  ENGINES,  AND  STEAM  VESSELS.    By  Robert 
♦Murray,  C.E.    Eighth  Edition.  [In preparation. 
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ARCHITECTURE,  BUILDING,  ETC. 
Construction.  — • — 

THE  SCIENCE  of  BUILDING:  An  Elementary  Treatise  on 
the  Principles  of  Construction.  By  E.  Wyndham  Tarn,  M.A. 
With  58  Engravings.  Second  Edition,  revised,  including  a  new 
chapter  on  the  Nature  of  Lightning,  and  the  Means  of  Protecting 
Buildings  from  its  Violence.    Crown  8vo,  js.  6d.  cloth. 

"  A  very  valuable  book,  which  we  strongly  recommend  to  all  students." — Builder. 

"  No  architectural  student  should  be  without  this  hand-book." — Architect. 

Civil  and  Ecclesiastical  Building. 

A  BOOK  ON  BUILDING,  CIVIL  AND  ECCLESIASTICAL, 
Including  Church  Restoration.  By  Sir  Edmund  Beckett, 
Bart.,  LL.D.,  Q.C.,  F.R.A.S.    i2mo,  5/.  cloth  boards. 

"A  book  which  is  always  amusing  and  nearly  always  instructive.  We  are  able 
very  cordially  to  recommend  all  persons  to  read  it  for  themselves.  "—Tittus. 

4/We  commend  the  book  to  the  thoughtful  consideration  of  all  who  are  interested 
in  the  building  art."—  Builder. 

Villa  Architecture. 

A  HANDY  BOOK  of  VILLA  ARCHITECTURE;  being  a 
Series  of  Designs  for  Villa  Residences  in  various  Styles.  With 
Outline  Specifications  and  Estimates.  By  C.  Wickes,  Architect. 
30  Plates,  4to,  half  morocco,  gilt  edges,  li.  Is. 
*#*  Also  an  Enlarged  edition  of  the  above.  61  Plates,  with  Outline 
Specifications,  Estimates,  &c.     2l.  2s.  half  morocco. 

Useful  Text-Book  for  Architects. 

THE  ARCHITECTS  GUIDE  :  Being  a  Text  book  of  Useful 
Information  for  Architects,  Engineers,  Surveyors,  Contractors, 
Clerks  of  Works,  Ac.    By  F.  Rogers.    Cr.  8vo,  6s.  cloth. 

77/6'  Young  Architect's  Book. 

HINTS  TO  YOUNG  ARCHITECTS.    By  G.  Wightwick. 
New  Edition.    By  G.  H.  Guillaume.    i2mo,  cloth,  4s. 
"  Will  be  found  an  acquisition  to  pupils,  and  a  copy  ought  to  be  considered  as 
necessary  a  purchase  as  a  box  of  instruments." — Architect. 

Drawing  for  Builders  and  Students. 

PRACTICAL  RULES  ON  DRAWING  for  the  OPERATIVE 
BUILDER  and  YOUNG  STUDENT  in  ARCHITECTURE. 
By  George  Pyne.    With  14  Plates,  4to,  Js.  6d.  boards. 

Boiler  and  Factory  Chimneys. 

BOILER  AND  FACTORY  CHLMNEYS  ;  their  Draught  power 
and  Stability,  with  a  chapter  on  Lightning  Conductors.  By  Robert 
Wilson,  C.E.    Crown  8vo,  31.  &/.  cloth. 

Builders  and  Contractor s  Price  Book. 

LOCKWOOD  &  CO.'S  BUILDER'S  AND  CONTRACTOR'S 
PRICE  BOOK,  containing  the  latest  prices  of  all  kinds  of  Builders' 
Materials  and  Labour,  &c.  Revised  by  F.  T.  W.  Miller, 
A.  R.  L  B.  A.    Half-bound,  4J. 
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Taylor  and  Cresys  Rome. 

THE  ARCHITECTURAL  ANTIQUITIES  OF  ROME.  By 
the  late  G.  L.  Taylor,  Esq.,  F.S.A.,  and  Edward  Cresy,  Esq. 
New  Edition,  Edited  by  the  Rev.  Alexander  Taylor,  M.  A.  (son 
of  the  late  G.  L.  Taylor,  Esq. )  This  is  the  only  book  which  gives 
on  a  large  scale,  and  with  the  precision  of  architectural  measure- 
ment, the  principal  Monuments  of  Ancient  Rome  in  plan,  elevation, 
and  detail.  Large  folio,  with  130  Plates,  half-bound,  3/.  31. 
***  Originally  published  in  two  volumes,  folio,  at  iSl.  i8j. 

Vitrttvms'  Architecture. 

THE  ARCHITECTURE  OF  MARCUS  VITRUVIUS 
POLLIO.  Translated  by  Joseph  Gwilt,  F.S.A.,  F.R.A.S. 
Numerous  Plates.    i2mo,  cloth  limp,  5*. 

Ancient  Architecture. 

RUDIMENTARY  ARCHITECTURE  (ANCIENT);  com- 
prising VITRUVIUS,  translated  by  Joseph  Gwilt,  F.S.A., 
&c,  with  23  fine  plates  ;  and  GRECIAN  ARCHITECTURE. 
By  the  Earl  of  Aberdeen  ;  i2mo,  6s.,  half-bound. 

%*  The  only  edition  of  VITRUVIUS  procurable  at  a  moderate  price. 

Modern  Architecture. 

RUDIMENTARY  ARCHITECTURE  (MODERN);  com- 
prising THE  ORDERS  OF  ARCHITECTURE.  By  W.  H. 
Leeds,  Esq. ;  The  STYLES  of  ARCHITECTURE  of  VARIOUS 
COUNTRIES.  By  T.  Talbot  Bury  ;  and  The  PRINCIPLES 
of  DESIGN  in  ARCHITECTURE.  By  E.  L.  Garbett. 
Numerous  illustrations,  i2mo,  6s.  half-bound. 

Civil  Architecture. 

THE  DECORATIVE  PART  of  CIVIL  ARCHITECTURE. 
By  Sir  William  Chambers,  F.R.S.  With  Illustrations,  Notes, 
and  an  Examination  of  Grecian  Architecture.  By  Joseph  Gwilt, 
F.S.A.    Edited  by  W.  H.  Leeds.    66  Plates,  410,  21s. 

House  Painting. 

HOUSE  PAINTING,  GRAINING,  MARBLING,  AND 
SIGN  WRITING  :  a  Practical  Manual  of.  With  9  Coloured 
Plates  of  Woods  and  Marbles,  and  nearly  150  Wood  Engravings. 
By  Ellis  A.  Davidson.  Third  Edition,  Revised.  i2mo,  6s.  cloth. 

Plumbing. 

PLUMBING  ;  aText-book  to  the  Practice  of  the  Art  or  Craft  of  the 
Plumber.  With  chapters  upon  House- drainage,  embodying  the 
latest  Improvements.  By  W.  P.  Buchan,  Sanitary  Engineer. 
Fourth  Edition,  Revised,  with  330  illustrations.    i2mo.    4s.  cloth. 

Joints  used  in  Building,  Engineering,  &c. 

THE  JOINTS  MADE  AND  USED  BY  BUILDERS  in  the 
construction  of  various  kinds  of  Engineering  and  Architectural 
works,  with  especial  reference  to  those  wrought  by  artificers  in 
erecting  and  finishing  Habitable  Structures.  By  W.  J.  Christy, 
Architect.    With  160  Illustrations.    121110,  $s,  6d.  cloth  boards. 
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1 1  ami  book  of  Specifications. 

THE  HANDBOOK  OF  SPECIFICATIONS  ;  or,  Practical 
Guide  to  the  Architect,  Engineer,  Surveyor,  and  Builder,  in  drawing 
up  Specifications  and  Contracts  for  Works  and  Constructions. 
Illustrated  by  Precedents  of  Buildings  actually  executed  by  eminent 
Architects  and  Engineers.  By  Professor  Thomas  L.  Donald- 
son, M.I. B.A.  New  Edition,  in  One  large  volume,  8vo,  with 
upwards  of  1000  pages  of  text,  and  33  Plates,  cloth,  1/.  1  is.  6J. 

"In  this  work  forty-four  v]><<  titrations  of  executed  works  are  given.  .  .  .  Donald- 
son's Handbook  of  Specifications  must  be  bought  by  all  architects.*' — Builder. 

Specifications  for  Practical  Architecture. 

SPECIFICATIONS  FOR  PRACTICAL  ARCHITECTURE: 
A  Guide  to  the  Architect,  Engineer,  Surveyor,  an<l  I'uiMcr;  with 
an  Essay  on  the  Structure  and  Science  of  Modern  Buildings,  By 
Frederick  Rogers,  Architect.    8vo,  15/.  cloth. 

*»*  A  volume  of  specifications  of  a  practical  character  being  greatly  required,  and  the 
old  standard  work  of  Alfred  Bartholomew  being  out  of  print,  the  author,  on  the  basis 
of  that  work,  h  is  pnxlm  ed  the  above. — Extract  from  Preface, 

Designings  Measuring %  and  Valuing. 

THE  STUDENT'S  GUIDE  to  the  PRACTICE  of  MEA- 
SURINGand  VALUING  ARTIFICERS'  WORKS;  containing 
Directions  ior  taking  Dimensions,  Abstracting  the  same,  and  bringing 
the  Quantities  into  Bill,  with  Tables  of  Constants,  and  copious 
Memoranda  for  the  Valuation  of  Labour  and  Materials  in  the  re- 
spective Trades  ot  Bricklayer  and  Slater,  Carpenter  and  Joiner, 
Painter  and  Glazier,  Paperhanger,  &c,  With  8  Plates  and  63  wood- 
cats.  Originally  edited  by  Edward  Dobson,  Architect.  Fifth 
Edition,  Revised,  with  considerable  Additions  on  Mensuration  and 
Construction,  and  a  new  chapter  on  Dilapidations,  Repairs,  and 
Contracts.   By  E.  Wyndham  Tarn,  M.A.  [In  the  press. 

"  Well  fulfils  the  promise  of  its  title-page.  Mr.  Tarn's  additions  and  revisions  have 
much  increased  the  usefulness  of  the  work." — Engineering. 

B eat 071  s  Pocket  Estimator. 

THE  POCKET  ESTIMATOR  FOR  THE  BUILDING 
TRADES,  being  an  easy  method  of  estimating  the  various  parts 
of  a  Building  collectively,  more  especially  applied  to  Carpenters' 
and  Joiners'  work.  By  A.  C.  Beaton.  Second  Edition. 
Waistcoat-pocket  size,    is,  6d. 

B  eat  oil  s  Builders'  and  Surveyors  Technical  Guide. 

THE  POCKET  TECHNICAL  GUIDE  AND  MEASURER 
FOR  BUILDERS  AND  SURVEYORS:  containing  an  Expla- 
nation of  the  Terms  used  in  Building  Construction,  Directions  for 
Measuring  Work,  Useful  Memoranda,  &c.  By  A.  C.  Beaton,  is.  &/. 

The  House-Ow7ier's  Estimator. 

THE  HOUSE-OWNER'S  ESTIMATOR ;  or,  What  will  it 
Cost  to  Build,  Alter,  or  Repair?  A  Price-Book  for  Unprofes- 
sional People,  Architectural  Surveyors,  Builders,  &c.  By  the  late 
James  D.  Simon.  Edited  by  F.  T.  W.  Miller,  A.R.I.B.A. 
Third  Edition,  Revised.  Crown  8vo,  $s.  &/.,  cloth. 
•!  In  two  years  it  will  repay  its  cost  a  hundred  times  over.*' — Field. 
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CARPENTRY,  TIMBER,  ETC. 

 1  

Tredgold's  Carpentry,  new  and  cheaper  Edition. 

THE  ELEMENTARY  PRINCIPLES  OF  CARPENTRY  : 
a  Treatise  on  the  Pressure  and  Equilibrium  of  Timber  Framing,  the 
Resistance  of  Timber,  and  the  Construction  of  Floors,  Arches, 
Bridges,  Roofs,  Uniting  Iron  and  Stone  with  Timber,  &c.  To  which 
is  added  an  Essay  on  the  Nature  and  Properties  of  Timber,  &c, 
with  Descriptions  of  the  Kinds  of  Wood  used  in  Building  ;  also 
numerous  Tables  of  the  Scantlings  of  Timber  for  different  purposes, 
the  Specific  Gravities  of  Materials,  &c.  By  Thomas  Tredgold, 
C.E.  Edited  by  Peter  Barlow,  F.R.S.  Fifth  Edition,  cor- 
rected and  enlarged.  With  64  Plates,  Portrait  of  the  Author,  and 
Woodcuts.    4to,  published  at  2/.  2s.,  reduced  to  il.  $s.  cloth. 

"A  work  whose  monumental  excellence  must  commend  it  wherever  skilful  car- 
pentry is  concerned.  The  Author's  principles  are  rather  confirmed  than  impaired  by 
time.    The  additional  plates  are  of  great  intrinsic  value." — Building  News. 

Grandys  Timber  Tables. 

THE  TIMBER  IMPORTER'S,  TIMBER  MERCHANT'S, 
&  BUILDER'S  STANDARD  GUIDE.     By  R.  E.  Grandy. 
2nd  Edition.  Carefully  revised  and  corrected.    i2mo,  y.  6d.  cloth. 
"Everything  it  pretends  to  be:  built  up  gradually,  it  leads  one  from  a  forest  to  a 
treenail,  and  throws  in,  as  a  makeweight,  a  host  of  material  concerning  bricks,  columns, 
cisterns,  &c. — all  that  the  class  to  whom  it  appeals  requires." — English  Mechanic. 

Timber  Freight  Book. 

THE  TIMBER  IMPORTERS'  AND  SHIPOWNERS' 
FREIGHT  BOOK  :  Being  a  Comprehensive  Series  of  Tables  for 
the  Use  of  Timber  Importers,  Captains  of  Ships,  Shipbrokers, 
Builders,  and  Others.    By  W.  Richardson.    Crown  8vo,  6s. 

Tables  for  Packing-  Case  Makers. 

PACKING-CASE  TABLES  ;  showing  the  number  of  Superficial 
Feet  in  Boxes  or  Packing- Cases,  from  six  inches  square  and 
upwards.    By  W.  Richardson.    Oblong  4to,      6d.  cloth. 

"  Invaluable  labour-saving  tables." — Ironmonger. 

Carriage  Btdlding,  &c. 

COACH  BUILDING:  A  Practical  Treatise,  Historical  and 
Descriptive,  containing  full  information  of  the  various  Trades  and 
Processes  involved,  with  Hints  on  the  proper  keeping  of  Carriages, 
&c.   57  Illustrations.    By  James  W.  Burgess.    i2mo,  3s.  cloth. 

Hortoris  Measurer. 

THE  COMPLETE  MEASURER;  setting  forth  the  Measure- 
ment  #  Boards,  Glass,  &c.  ;  Unequal-sided,  Square-sided,  Oc- 
tagonal-sided, Round  Timber  and  Stone,  and  Standing  Timber. 
Also  a  Table  showing  the  solidity  of  hewn  or  eight-sided  timber, 
or  of  any  octagonal-sided  column.  By  Richard  Horton. 
Fourth  Edit.  With  Additions,  i2mo,  strongly  bound  in  leather,  5^. 

Horton  s  Underwood  and  Woodland  Tables. 

TABLES  FOR  PLANTING  AND  VALUING  UNDER- 
WOOD AND  WOODLAND  ;  also  Lineal,  Superficial,  Cubical, 
and  Decimal  Tables,  &c.    By  R.  Horton.    i2mo,  2s.  leather. 
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Nicholsons  Carpenter  s  Guide. 

THE  CARPENTER'S  NEW  GUIDE;  or,  BOOK  of  LINES 
for  CARPENTERS:  comprising  all  the  Elementary  Principles 
essential  for  acquiring  a  knowledge  of  Carpentry.  Founded  on  the 
late  Peter  Nicholson's  standard  work.  A  new  Edition,  revised 
by  Arthur  Ashpitel,  F.S.A.,  together  with  Practical  Rules  on 
Drawing,  by  George  Pyne.  .With  74  Plates,  4to,  il.  is,  cloth. 

Dowsing* s  Ti?nber  Merchant's  Companion. 

THE  TIMBER  MERCHANT'S  AND  BUILDER'S  COM- 
PANION ;  containing  New  and  Copious  Tables  of  the  Reduced 
Weight  and  Measurement  of  Deals  and  Battens,  of  all  sizes,  from 
One  to  a  Thousand  Pieces,  also  the  relative  Price  that  each  size 
bears  per  Lineal  Foot  to  any  given  Price  per  Petersburgh  Standard 
Hundred,  tVc,  &c.  Also  a  variety  of  other  valuable  information. 
By  W.  Dowsing.     Third  Edition.    Crown  8vo,  3*. 

Practical  Timber  Merchant. 

THE  PRACTICAL  TIMBER  MERCHANT,  being  a  Guide 
for  the  use  of  Building  Contractors,  Surveyors,  Builders,  &cf 
comprising  useful  Tables  for  all  purposes  connected  with  the 
Umbel  Trade,  Essay  on  the  Strength  of  Timber,  Remarks  on  the 
Growth  of  Timber,  <S:c.  By  W.  Richardson.  Fcap.  8vo,  3/.  (hi.  cl. 

Woodworking  Afachinery. 

WOODWORKING  MACHINERY ;  its  Rise,  Progress,  and 
Construction.  With  Hints  on  the  Management  of  Saw  Mills  and 
the  Economical  Conversion  of  Timber.  Illustrated  with  Examples 
of  Recent  Designs  by  leading  English,  French,  and  American 
Engineers.  ByM.  PowisBale,  M.I.M.  E.  Crown  8 vo,  lis.  6d.  cl. 
M  Mr.  Bale  is  evidently  an  expert  on  the  subject,  and  he  has  collected  so  much 

information  that  his  hook  is  all-sufficient  for  builders  and  others  engaged  in  the  con- 

\  t  i  sum  of  timlx  1 .      .1  > .  .'. 
11  The  most  comprehensive  compendium  of  wood-working  machinery  we  have 

seen.    The  author  is  a  thorough  master  of  his  subject." — Building  Nrtvs. 

Saw  Mills. 

SAW  MILLS,  THEIR  ARRANGEMENT  AND  MANAGE- 
MENT, AND  THE  ECONOMICAL  CONVERSION  OF 
TIMBER.  (Being  a  Companion  Volume  to  '*  Woodworking 
Machinery.")  By  M.  Powis  Bale,  M.I.M. E.  With  numerous 
Illustrations.    Crown  8vo,  \os.  6</.,  cloth.  \jf  us  t  published. 

"  The  author  is  favourably  known  by  his  former  work  on  '  Woodworking  Machi- 
nery,' of  which  wc  were  able  to  speak  approvingly.  This  is  a  companion  volume, 
in  which  the  administration  of  a  large  sawing  establishment  is  discussed,  and  the 
subject  examined  from  a  financial  standpoint.  Hence  the  size,  shape,  order,  and 
disposition  of  saw-mills  and  the  like  are  gone  into  in  detail,  and  the  course  of  the 
timber  is  traced  from  its  reception  to  its  delivery  in  its  converted  state.  We  could 
not  desire  a  more  complete  or  practical  treatise."— Builder. 

"  We  highly  recommend  Mr.  Bale's  work  to  the  attention  and  perusal  of  all  those 
who  are  engaged  in  the  art  of  wood  conversion,  or  who  are  about  building  or  re- 
modelling saw-mills  on  improved  principles. "  —Building  Ncivs. 

"  Will  be  found  of  much  value  by  that  special  class  of  readers  for  whose  informa- 
tion it  is  designed.  We  have  pleasure  in  recommending  the  book  to  those  about  to 
construct  or  to  manage  saw-mills."' — Athen&um. 
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_     .  MECHANICS,  ETC. 

1  urmng.  — ♦ — 

LATHE-WORK  :  a  Practical  Treatise  on  the  Tools,  Appliances, 
and  Processes  employed  in  the  Art  of  Turning.  By  Paul  N.  IIas- 
luck.  Second  Edition,  thoroughly  Revised,  with  a  New  Chapter 
on  the  Screw-cutting  Lathe.    Crown  8vo,  $s. 

Turning. 

THE  METAL  TURNER'S  HANDBOOK:  A  Practical  Manual 
for  Workers  at  the  Foot-lathe.  By  Paul  N.  Hasluck.  With 
over  100  Illustrations.    Crown  8vo,  ls.9  cloth. 

***  The  above  forms  the  first  volume  <t/"Hasluck's  Handbooks  on  Handicrafts, 
Other  Volumes  i?i  preparation. 

Mechanics  Workshop  Companion. 

THE  OPERATIVE    MECHANIC'S  WORKSHOP  COM- 
PANION, and  THE  SCIENTIFIC  GENTLEMAN'S  PRAC- 
TICAL ASSISTANT.   By  W.  Templeton.     13th  Edit,  with 
Mechanical  Tables  for  Operative  Smiths,  Millwrights,  Engineers, 
&c. ;  and  an  Extensive  Table  of  Powers  and  Roots,  i2mo,  $s.  bound. 
"  Admirably  adapted  to  the  wants  of  a  very  large  class.    It  has  met  with  great 
success  in  the  engineering  workshop,  as  we  can  testify  ;  and  there  are  a  great  many 
men  who,  in  a  great  measure,  owe  their  rise  in  life  to  this  little  work. " — Building  News. 

Engineers  and  Machinist's  Assistant. 

TPIE  ENGINEER'S,  MILLWRIGHT'S,  and  MACHINIST'S 
PRACTICAL  ASSISTANT  ;  comprising  a  Collection  of  Useful 
Tables,  Rules,  and  Data.    By  Wm.  Templeton.    i8mo,  2s.  6d. 

Smith's  Tables  for  Mechanics,  &c. 

TABLES,  MEMORANDA,  and  CALCULATED  RESULTS, 
FOR  MECHANICS,  ENGINEERS,  ARCHITECTS, 
BUILDERS,  &c.  Selected  and  Arranged  by  Francis  Smith. 
240pp.  Waistcoat-pocket  size,  is.6d.,  limp  leather.  \Just published. 

Boiler  Making. 

THE  BOILER-MAKER'S  READY  RECKONER.  With 
Examples  of  Practical  Geometry  and  Templating,  for  the  use  of 
Platers,  Smiths,  and  Riveters.  By  John  Courtney,  Edited  by 
D.  K.  Clark,  M.  I.  C.E.    i2mo,  gs.  half-bd. 

Superficial  Measurement. 

THE  TRADESMAN'S  GUIDE  TO  SUPERFICIAL  MEA- 
SUREMENT. Tables  calculated  from  I  to  200  inches  in  length, 
by  1  to  108  inches  in  breadth.   By  J.  Hawkings.  Fcp.  y.  6d.  cl. 

The  High-Pressure  Steam  Engine. 

THE  HIGH-PRESSURE  STEAM  ENGINE.  By  Dr.  Ernst 
Alban.  Translated  from  the  German,  with  Notes,  by  Dr.  Pole, 
F.R.S.    Plates.    8vo,  16s.  6d.y  cloth. 

Steam  Boilers. 

A  TREATISE  ON  STEAM  BOILERS  :  their  Strength,  Con- 
struction,   and  Economical  Working.    By  R.  Wilson,  C.E. 
Fifth  Edition.    i2mo,  6s.  cloth. 
"The  best  treatise  that  has  ever  been  published  on  steam  boilers." — Engineer 
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MATHEMATICS,  TABLES,  ETC. 

Metrical  Units  and  Systems,  &c. 

MODERN  METROLOGY:  A  Manual  of  the  Metrical  Units 
ami  Systems  of  the  present  Century.  With  an  Appendix  con- 
taining a  proposed  English  System.  By  Low  is  D'A.  Jackson, 
A.-M.  Inst.  C.E.,  Author  of  "  Aid  to  Survey  Practice,"  &c. 
Large  Crown  8 vo,  1 2s.  6d.  cloth. 

Gregory  s  Practical  Mathematics. 

MATHEMATICS  for  PRACTICAL  MEN  ;  being  a  Common- 
place Book  of  Pure  and  Mixed  Mathematics.  Designed  chiefly 
for  the  Use  of  Civil  Engineers,  Architects,  and  Surveyors.  Part  I. 
Pure  Mathematics — comprising  Arithmetic,  Algebra,  Geometry, 
Mensuration,  Trigonometry,  Conic  Sections,  Properties  of  Curves. 
Part  II.  Mixed  Mathematics — comprising  Mechanics  in  general, 
Statics,  Dynamics,  Hydrostatics,  Hydrodynamics,  Pneumatics, 
Mechanical  Agents,  Strength  of  Materials,  &c.  By  Olinthus  Gre- 
gory, LL.D.,  F.R.A.S.  Enlarged  by  H.  Law,  C.E.  4th  Edition, 
revised  by  Prof.  J.  R.  YOUNG.  With  13  Plates.  8vo,  l/.  is.  cloth. 

Mathematics  as  applied  to  the  Constructive  Arts. 

A  TREATISE  ON  MATHEMATICS  AS  APPLIED  TO 
THE  CONSTRUCTIVE  ARTS.  Illustrating  the  various  pro- 
cesses of  Mathematical  Investigation  by  means  of  Arithmetical  and 
simple  Algebraical  Equations  and    Practical  Examples,  \c.  By 

Francis  Campin,  C.E.    i2mo,  y.  67/.  cloth. 
Geometry  for  the  A  rchitect.  Engineer,  &c. 

PRACTICAL  GEOMETRY,  for  the  Architect,  Engineer,  and 
Mechanic.  By  E.  W.  Tarn,  M.  A.  With  Appendices  on  Diagrams 
of  Strains  and  Isomctrical  projection.    Demy  8vo,  9/.  cloth. 

Practical  Geometry. 

THE  GEOMETRY  OF  COMPASSES,  or  Problems  Resolved 
by  the  Mere  Description  of  Circles,  and  the  Use  of  Coloured 
Diagrams  and  Symbols.  P»y  Oi  ivkk  Uyknk.  Coloured  Plato. 
Crown  8vo,  $s.  6c/.,  cloth. 

The  Metric  System. 

A  SERIES  OF  METRIC  TABLES,  In  which  the  British 
Standard  Measures  and  Weights  are  compared  with  those  of  the 
Metric  System  at  present  in  use  on  the  Continent  By  C.  H. 
Dowling,  C.E.  2nd  Edit.,  revised  and  enlarged.  8vo,  ioj.  6d.  cl. 

Inwood's  Tables,  greatly  enlarged  and  improved. 

TABLES  FOR  THE  PURCHASING  of  ESTATES,  Freehold, 
Copyhold,  or  Leasehold  :  Annuities,  Advowsons,  &c,  and  for  the 
Renewing  of  Leases ;  also  for  Valuing  Reversionary  Estates,  De- 
ferred Annuities,  &c.  By  William  In  wood.  21st  edition,  with 
Tables  of  Logarithms  for  the  more  Difficult  Computations  of  the 
Interest  of  Money,  &c.  By  M.  F&DOR  Thoman.  l2mo.  &r.  cloth. 
M  Those  interested  in  the  purchase  and  sale  of  estates,  and  in  the  adjustment  of 

compensation  cases,  as  well  as  in  transactions  in  annuities,  life  insurances,  &c,  will 

find  the  present  edition  of  eminent  serv  ice." — Engineering. 
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Weights,  Measures,  and  Moneys. 

MEASURES,  WEIGHTS,  and  MONEYS  of  all  NATIONS, 
Entirely  New  Edition,  Revised  and  Enlarged.  By  W.  S.  B. 
Woolhouse,  F.R.A.S.    i2mo,  2s.  6d.  cloth  boards. 

Compound  Interest  and  Annuities. 

THEORY  of  COMPOUND  INTEREST  and  ANNUITIES  ; 
with  Tables  of  Logarithms  for  the  more  Difficult  Computations  of 
Interest,  Discount,  Annuities,  &c,  in  all  their  Applications  and 
Uses  for  Mercantile  and  State  Purposes.  By  Fedor  Thoman, 
of  the  Societe  Credit  Mobilier,  Paris.   3rd  Edit.,  i2mo,  \s.  6d.  cl. 

Iron  and  Metal  Trades  Calculator. 

THE  IRON  AND  METAL  TRADES'  COMPANION  : 
Being  a  Calculator  containing  a  Series  of  Tables  upon  a  new  and 
comprehensive  plan  for  expeditiously  ascertaining  the  value  of  any 
goods  bought  or  sold  by  weight,  from  is.  per  cwt.  to  112s.  per 
cwt.,  and  from  one  farthing  per  lb.  to  u.  per  lb.  Each  Table  ex- 
tends from  one  lb.  to  100  tons.  ByT.  Downie.  396  pp.,  gs.,  leather. 

Iron  and  Steel. 

IRON  AND  STEEL  :  a  Work  for  the  Forge,  Foundry, 
Factory,  and  Office.  Containing  Information  for  Ironmasters  ; 
Civil,  Mechanical,  and  Mining  Engineers ;  Architects,  Builders,  &c. 
By  Charles  Hoare.  Eighth  Edit.  Oblong  32mo,  6s.,  leather. 

Comprehensive  Weight  Calculator. 

THE  WEIGHT  CALCULATOR,  being  a  Series  of  Tables 
upon  a  New  and  Comprehensive  Plan,  exhibiting  at  one  Reference 
the  exact  Value  of  any  Weight  from  lib.  to  15  tons,  at  300  Pro- 
gressive Rates,  from  1  Penny  to  168  Shillings  per  cwt.,  and  con- 
taining 186,000  Direct  Answers,  which,  with  their  Combinations, 
consisting  of  a  single  addition,  will  afford  an  aggregate  of  10,266,000 
Answers  ;  the  whole  being  calculated  and  designed  to  ensure 
Correctness  and  promote  Despatch.  By  Henry  Harben, 
Accountant.    New  Edition.    Royal  8vo,  ll.  5^.,  half-bound. 

Comprehensive  Discount  Guide. 

THE  DISCOUNT  GUIDE  :  comprising  Tables  for  the  use  of 
Merchants,  Manufacturers,  Ironmongers,  and  others,  by  which 
may  be  ascertained  the  exact  profit  arising  from  any  mode  of  using 
Discounts,  either  in  the  Purchase  or  Sale  of  Goods,  and  the  method 
of  either  Altering  a  Rate  of  Discount,  or  Advancing  a  Price,  so  as 
to  produce,  by  one  operation,  a  sum  that  will  realise  any  required 
profit  after  allowing  one  or  more  Discounts :  to  which  are  added 
Tables  of  Profit  or  Advance  from  \\  to  90  per  cent.,  Tables  of 
Discount  from  I J  to  98!  per  cent.,  and  Tables  of  Commission,  &c, 
from  \  to  10  per  cent.    By  II.  Harben,  8vo,  1/.  5^.,  half-bound. 

Mathematical  Instruments. 

MATHEMATICAL  INSTRUMENTS:  Their  Construction, 
Adjustment,  Testing,  and  Use  ;  comprising  Drawing,  Measuring, 
Optical,  Surveying,  and  Astronomical  Instruments.  By  J.  F. 
Heather,  M.A.    Enlarged  Edition.    i2mo,  $s.  cloth. 
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SCIENCE  AND  ART. 

Gold  and  Gold-Working. 

THE  GOLDSMITH'S  HANDBOOK  :  containing  full  instruc- 
tions for  the  Alloying  and  Working  of  Gold.  Including  the  Art  of 
Alloying,  Melting,  Reducing,  Colouring,  Collecting  and  Refining. 
Chemical  and  Physical  Properties  of  Gold,  with  a  new  System  of 
Mixing  its  Alloys  ;  Solders,  Enamels,  &c.  By  George  £.  Gee. 
Second  Edition,  enlarged.  1 21110,  3/.  6</.  cloth. 
"  The  best  work  yet  printed  on  its  subject  for  a  reasonable  price."  —yeiotUtr. 
"  Essentially  a  practical  manual,  well  adapted  to  the  wants  of  amateurs  and 

apprentices,  containing  trustworthy  information  that  only  a  practical  man  can 

6 upply." — English  Mechanic. 

Silver  and  Silver  Working. 

THE  SILVERSMITH'S  HANDBOOK,  containing  full  In- 
structions for  the  Alloying  and  Working  of  Silver.  Including  the 
different  Modes  of  Refining  and  Melting  the  Metal,  its  Solders,  the 
Preparation  of  Imitation  Alloys,  &c  By  G.  E.  Gee.  i2mo,  $s.  6d. 
"  The  chief  merit  of  the  work  is  its  practical  character.  The  workers  in  the  trade 
will  speedily  discover  its  merits  when  they  sit  down  to  study  it,"— English  Mechanic. 

Hall-Marking  of  Jewellery. 

THE  HALL-MARKING  OF  JEWELLERY  PRACTICALLY 
CONSIDERED,  comprising  an  account  of  all  the  different  Assay 
Towns  of  the  United  Kingdom ;  with  the  Stamps  at  present 
employed  ;  also  the  Laws  relating  to  the  Standards  and  Hall- 
Marks  at  the  various  Assay  Offices  ;  and  a  variety  of  Practical 
Suggestions  concerning  the  Mixing  of  Standard  Alloys,  Sec  By 
George  E.  Gee.  Crown  8 vo,  5j.  cloth. 

Electro-Plating,  &c. 

ELECTROPLATING:  A  Practical  Handbook.  By  J.  W. 
Urquhart,  C.E.    Crown  8vo,  Ks.  cloth. 

"Any  ordinarily  intelligent  person  may  become  an  adept  in  electro-deposition 
with  a  very  little  science  indeed,  and  this  is  the  book  to  show  the  way." — Builder. 

Electrotyping,  &c. 

ELECTROTYPING  :  The  Reproduction  and  Multiplication  of 
Printing  Surfaces  and  Works  of  Art  by  the  Electro-deposition  of 
Metals.    By  J.  Wr.  Urquhart,  C.E.    Crown  8vo,  5J.  cloth. 
"A  guide  to  beginners  and  those  who  practise  the  old  and  imperfect  methods."— //-mi. 

Electro-Plating. 

ELECTRO-METALLURGY  PRACTICALLY  TREATED. 
By  Alexander  Watt,  F.R.S.S.A.  Including  the  Electro- 
Deposition  of  Copper,  Silver,  Gold,  Brass  and  Bronze,  Platinum, 
Lead,  Nickel,  Tin,  Zinc,  Alloys  of  Metals,  Practical  Notes,  &c, 
&c.  Eighth  Edition,  Revised,  including  the  most  recent  Pro- 
cesses.   i2mo,  3^.  6d.,  cloth. 

"  From  this  book  both  amateur  and  artisan  may  learn  everything  necessary  for 
the  successful  prosecution  of  electroplating." — Iron. 

"  A  practical  treatise  for  the  use  of  those  who  desire  to  work  in  the  art  of  electro- 
deposition  as  a  business." — English  Mcc/tam'c. 
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Dentistry. 

MECHANICAL  DENTISTRY.  A  Practical  Treatise  on  the 
Construction  of  the  various  kinds  of  Artificial  Dentures.  Com- 
prising also  Useful  Formulae,  Tables,  and  Receipts  for  Gold 
Plate,  Clasps,  Solders,  etc.,  etc.  By  Charles  Hunter.  Second 
Edition,  Revised  ;  including  a  new  chapter  on  the  use  of  Celluloid. 
With  over  100  Engravings.  Crown  8vo,  Js.  6d.t  cloth. 
"  An  authoritative  treatise,  which  we  can  strongly  recommend  to  all  students." — 
Dublin  Journal  of  Medical  Science. 

Electricity. 

A  MANUAL  of  ELECTRICITY ;  including  Galvanism,  Mag- 
netism,  Diamagnetism,  Electro-Dynamics,  Magneto -Electricity,  and 
the  Electric  Telegraph.  By  Henry  M.  Noad,  Ph.D.,  F.C.S. 
Fourth  Edition,  with  500  Woodcuts.  8vo,  1/.  4*.  cloth. 
"  The  accounts  given  of  electricity  and  galvanism  are  not  only  complete  in  a  scientific 
sense,  but,  which  is  a  rarer  thing,  are  popular  and  interesting." — Lancet. 

Text-Book  of  Electricity. 

THE  STUDENT'S  TEXT-BOOK  OF  ELECTRICITY.  By 
Henry  M.  Noad,  Ph.D.,  F.R.S.,  &c.  New  Edition,  Revised. 
With  an  Introduction  and  Additional  Chapters  by  W.  H.  Preece, 
M.I.C.  E.,  Vice-President  of  the  Society  of  Telegraph  Engineers, 
&c.  With  470  Illustrations.  Crown  8vo,  \2s.  6d.  cloth. 
"A  reflex  of  the  existing  state  of  Electrical  Science  adapted  for  students."  — 
W.  H.  Preece,  Esq.,  vide  "  Introduction." 

"  We  can  recommend  Dr.  Noad's  book  for  clear  style,  great  range  of  subject,  a 
good  index,  and  a  plethora  of  woodcuts.  Such  collections  as  the  present  are  indis- 
pensable. " — A  thenceum. 

"  An  admirable  text-book  for  every  student — beginner  or  advanced — of  electricity." 
—Eng  ineering. 

"  Recommended  to  students  as  one  of  the  best  text-books  on  the  subject  that  they 
can  have.  Mr.  Preece  appears  to  have  introduced  all  the  newest  inventions  in  the  shape 
of  telegraphic,  telephonic,  and  electric-lighting  apparatus." — English  Mechanic. 

"Under  the  editorial  hand  of  Mr.  Preece  the  late  Dr.  Noad's  text-book  of  elec* 
tricity  has  grown  into  an  admirable  handbook." — Westminster  Review. 

Electric  Lighting. 

ELECTRIC  LIGHT  :  Its  Production  and  Use,  embodying  plain 
Directions  for  the  Treatment  of  Voltaic  Batteries,  Electric  Lamps, 
and  Dynamo-Electric  Machines.  By  J.  W.  Urquhart,  C.E., 
Author  of  "  Electroplating."  Edited  by  F.  C.  Webb,  M.I.C.E., 
M.S.T.E.  2nd  Edition,  Carefully  Revised,  with  Large  Additions 
and  128  Illustrations.    Cr.  8vo,  7^.  6d.  cloth. 

"  The  book  is  by  far  the  best  that  we  have  yet  met  with  on  the  subject." — Athenceum. 

"An  important  addition  to  the  literature  of  the  electric  light.  Students  of  the 
subject  should  not  fail  to  read  it." — Colliery  Guardian. 

Lightning. 

THE  ACTION  of  LIGHTNING,  and  the  MEANS  of  DE- 
FENDING LIFE  AND  PROPERTY  FROM  ITS  EFFECTS. 
By  Major  Arthur  Parnell,  R.E.    i2mo,  *js.  6d.  cloth. 

'  Major  Parnell  has  written  an  original  work  on  a  scientific  subject  of  unusual  inte- 
rest ;  and  he  has  prefaced  his  arguments  by  a  patient  and  almost  exhaustive  citation 
of  the  best  writers  on  the  subject  in  the  English  language." — AtJienceum. 

*'  The  work  comprises  all  that  is  actually  known  on  the  subject." — Land. 

ft  Major  Parnell's  measures  are  based  on  the  results  of  experience.  A  valuable 
repertoire  of  facts  and  principles  arranged  in  a  scientific  form."— Building  News. 
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The  Alkali  Trade — Sulphuric  Acid,  &c. 

A  MANUAL  OF  THE  ALKALI  TRADE,  including  the 
Manufacture  of  Sulphuric  Acid,  Sulphate  of  Soda,  and  Bleaching 
J'owdt  r.  By  JOHN  Lomas,  Alkali  Manufacturer.  With  232  Illus- 
trations and  Working  Drawings,  and  containing  386  pages  of  text. 
Super- royal  8vo,  2/.  12s.  6d.  cloth. 

This  work  provides  (i)  a  Complete  Handbook  for  intending  Alkali  a  fid  Sulphuric 
Acid  Manufacturers^  and  for  those  already  in  the  field  who  desire  to  improve  their 
plant,  or  to  become  prai  tically  acquainted  with  the  latest  processes  and  devefopmentt 
of  the  trade  ;  (2)  a  Handy  \  'olume  which  Manufacturers  can  put  into  the  hands  0/ 
their  Managers  and  Foremen  as  a  useful  guide  in  their  daily  rounds  of  duty. 


Synopsis  op 
Chap.  I.  Choice  of  Site  and  General 
Plan  of  Works— II.  Sulphuric  Acid— 
III.  Recovery  of  the  Nitrogcu  Com- 
pounds,  and  Treatment  of  Small  Pyrites 
—IV.  The  Salt  Cake  Process— V.  Legis- 
lation upon  the}  Noxious  Vapours  Ques- 
tion— VI.  The  Harp-eaves'  and  Jones' 
Processes— VII.  The  Balling  Process — 
VIII.   LLxiviation  and  Salting  Down — 


Contents. 

IX.  Carbonating  or  Finishing— X.  Soda 
Crystals  —  XI.  Refined  Alkali  -XII. 
Caustic  Soda  —  XIII.  Bi-carbonate  of 
Soda -XIV.  Bleaching  Powder— XV. 
Utilisation  of  Tank  Waste— XVI.  General 
Remarks — Four  Appendices,  treating  of 
Yields,  Sulphuric  Acid  Calculations,  Ane- 
mometers, and  Foreign  Legislation  upon 
the  Noxious  Vapours  Question. 


"The  author  has  given  the  fullest,  most  practical,  and,  to  all  concerned  in  the 
alkali  trade,  most  valuable  mass  of  information  that,  to  our  knowledge,  has  been 
published  in  any  language." — Engineer. 

"  This  book  is  written  by  a  manufacturer  for  manufacturers.  The  working  details 
of  the  most  approved  forms  of  apparatus  are  given,  and  these  are  accompanied  by 
no  less  than  23a  wood  engravings,  all  of  which  may  be  used  for  the  purposes  of  con- 
struction. Every  step  in  the  manufacture  is  very  fully  described  in  this  manual,  and 
each  improvement  explained.  Everything  which  tends  to  introduce  economy  into 
the  technical  details  of  this  trade  receives  the  fullest  attention." — Athena-urn. 

"The  author  is  not  one  of  those  clever  compilers  who,  on  short  notice,  will  'read 
up'  any  conceivable  subject,  but  a  practical  man  in  the  best  sense  of  the  word.  We 
find  here  not  merely  a  sound  and  luminous  explanation  of  the  chemical  principles  of 
the  trade,  but  a  notice  of  numerous  matters  which  have  a  most  important  bearing 
on  the  successful  conduct  of  alkali  works,  but  which  are  generally  overlooked  by 
even  the  most  experienced  technological  authors."— Chemical  Ret'irtv. 

Soap-making. 

THE  ART  OF  SOAP-MAKING/A  Practical  Handbook  of  the 
Manufacture  of  Hard  and  Soft  Soaps,  Toilet  Soaps,  &c.  Including 
Descriptions  of  many  New  Processes  and  a  Chapter  on  the  Recovery 
of  Glycerine  from  Waste  Leys.  By  Alexander  Watt,  Author 
of  "  Electro-Metallurgy  Practically  Treated,"  &c. 

[Nearly  rtatfy. 

Chemical  Analysis. 

THE  COMMERCIAL  HANDBOOK  of  CHEMICAL  ANA- 
LYSIS ;  or  Practical  Instructions  for  the  determination  of  the  In- 
trinsic or  Commercial  Value  of  Substances  used  in  Manufactures, 
in  Trades,  and  in  the  Arts.  By  A.  Normandy.  New  Edition. 
Enlarged,  and  to  a  great  extent  re-written,  by  Henry  M.  Noad, 
Ph.  D. ,  F.  R.  S.  With  numerous  Illustrations.  Cr.  8vo,  1 2s.  6d.  cloth. 

"We  recommend  this  book  to  the  careful  perusal  of  every  one  ;  it  may  be  truly 
affirmed  to  be  of  universal  interest,  and  we  strongly  recommend  it  as  a  guide,  alike 
indispensable  to  the  housewife  as  to  the  pharmaceutical  practitioner." — Medical  Times. 

"Essential  to  the  analysts  appointed  under  the  new  Act.  The  most  recent  results 
are  given,  and  the  work  is  well  edited  and  carefully  written." — Nature. 
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Dr.  Lardners  Museum  of  Science  and  Art. 

THE  MUSEUM  OF  SCIENCE  AND  ART.  Edited  by 
Dionysius  Lardner,  D.C.L.,  formerly  Professor  of  Natural  Phi- 
losophy and  Astronomy  in  University  College,  London.  With  up- 
wards of  1 200  Engravings  on  Wood.  In  6  Double  Volumes. 
Price  £1  is.,  in  a  new  and  elegant  cloth  binding,  or  handsomely 
bound  in  half  morocco,  3U.  6d. 

OPINIONS  OF  THE  PRESS. 
"  This  series,  besides  affording  popular  but  sound  instruction  on  scientific  subjects, 
with  which  the  humblest  man  in  the  country  ought  to  be  acquainted,  also  undertakes 
that  teaching  of  'common  things'  which  every  well-wisher  of  his  kind  is  anxious  to 
promote.  Many  thousand  copies  of  this  serviceable  publication  have  been  printed, 
in  the  belief  and  hope  that  the  desire  for  instruction  and  improvement  widely  pre- 
vails ;  and  we  have  no  fear  that  such  enlightened  faith  will  meet  with  disappoint- 
ment."—  Times. 

"A  cheap  and  nteresting  publication,  alike  informing  and  attractive.  The  papers 
combine  subjects  of  importance  and  great  scientific  knowledge,  considerable  induc- 
tive powers,  and  a  popular  style  of  treatment." — Spectator. 

"The  'Museum  of  Science  and  Art'  is  the  most  valuable  contribution  that  has 
ever  been  made  to  the  Scientific  Instruction  of  every  class  of  society." — Sir  David 
Brewster  in  the  North  British  Review. 

' 1  Whether  we  consider  the  liberality  and  beauty  of  the  illustrations,  the  charm  of 
the  writing,  or  the  durable  interest  of  the  matter,  we  must  express  our  belief  that 
there  is  hardly  to  be  found  among  the  new  books,  one  that  would  be  welcomed  by 
people  of  so  many  ages  and  classes  as  a  valuable  present." — Examiner. 

**  Separate  books  formed  from  the  above,  suitable  for  Workmen's 
Libraries,  Science  Classes,  &c, 

COMMON  THINGS  EXPLAINED.  Containing  Air,  Earth,  Fire, 
Water,  Time,  Man,  the  Eye,  Locomotion,  Colour,  Clocks  and 
Watches,  &c.    233  Illustrations,  cloth  gilt,  $s. 

THE  MICROSCOPE.  Containing  Optical  Images,  Magnifying 
Glasses,  Origin  and  Description  of  the  Microscope,  Microscopic 
Objects,  the  Solar  Microscope,  Microscopic  Drawing  and  Engrav- 
ing, &c.    147  Illustrations,  cloth  gilt,  is. 

POPULAR  GEOLOGY.  Containing  Earthquakes  and  Volcanoes, 
the  Crust  of  the  Earth,  etc.   201  Illustrations,  cloth  gilt,  2s.  6d. 

POPULAR  PHYSICS.  Containing  Magnitude  and  Minuteness,  the 
Atmosphere,  Meteoric  Stones,  Popular  Fallacies,  Weather  Prog- 
nostics, the  Thermometer,  the  Barometer,  Sound,  &c.  85  Illus- 
trations, cloth  gilt,  2s.  6d. 

STEAM  AND  ITS  USES.  Including  the  Steam  Engine,  the  Lo- 
comotive, and  Steam  Navigation.    89  Illustrations,  cloth  gilt,  2s. 

POPULAR  ASTRONOMY.  Containing  How  to  Observe  the 
Heavens.  The  Earth,  Sun,  Moon,  Planets.  Light,  Comets, 
Eclipses,  Astronomical  Influences,  &c.    182  Illustrations,  4s.  6d. 

THE  BEE  AND  WHITE  ANTS  :  Their  Manners  and  Habits. 
With  Illustrations  of  Animal  Instinct  and  Intelligence.  135  Illus- 
trations, cloth  gilt,  2s. 

THE  ELECTRIC  TELEGRAPH  POPULARISED.  To  render 
intelligible  to  all  who  can  Read,  irrespective  of  any  previous  Scien- 
tific Acquirements,  the  various  forms  of  Telegraphy  in  Actual 
Operation,    100  Illustrations,  cloth  gilt,  is.  6d. 
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Dr.  Lardners  Handbooks  of  Natural  Philosophy. 

The  following  five  volumes,  though  each  is  Complete  in  itself,  and  to  be  fur- 
chased  separately,  form  A  Comii.k  ik  (  <>t  ksk  <-k  Na  i  i  i;ai.  I'nn  umjmiv,  and  lire 
intended  for  the  general  reader  who  desires  to  attain  accurate  knowledge  of  the 
various  departments  of  Physical  Science,  without  pursuing  them  according  to  the 
more  profound  methods  of  mathematical  investigation.  The  style  it  studiously 
Popular.  It  has  been  the  author  s  aim  to  supply  Manuals  such  as  are  required  By 
the  Student,  the  Engineer,  the  Artisan,  and  the  superior  classes  in  Schools. 

THE   HANDBOOK  OF  MECHANICS.    Enlarged  and  almost 
rewritten  by  Benjamin  Loewy,  F.R.A.S.    With  378  Illustra- 
tions.   Post  8vo,  6s.  cloth. 
"The  perspicuity  of  the  original  has  been  retained,  and  chapters  which  had 
become  obsolete,  nave  been  replaced  by  others  of  more  modern  character.  The 
explanations  throughout  are  studiously  popular,  and  care  has  been  taken  to  show 
the  application  of  the  various  lunches  of  physics  to  the  industrial  arts,  and  to 
the  practical  business  of  life." — Mining  Journal. 

Till:  HANDBOOK  of  HYDROSTATICS  and  PNEUMATICS. 
New  Edition,  Revised  and  Enlarged  by  BENJAMIN  LOEWY, 
F.R.A.S.  With  236  Illustrations.  Post  8vo,  5*  cloth. 

"  For  those  4  who  desire  to  attain  an  accurate  knowledge  of  physical  science  with* 
out  the  profound  methods  of  mathematical  investigation,  this  work  is  not  merely  in- 
tended, but  well  adapted." — Chemical  News. 

THE   HANDBOOK  OF   HEAT.     Edited  and  almost  entirely 
Rewritten  by  BENJAMIN  LOEWY,  F.R.A.S.,  etc    117  Illustra- 
tions.   Post  8vo,  6s.  cloth. 
"The  style  is  always  clear  and  precise,  and  conveys  instruction  without  leaving 

any  cloudiness  or  lurking  doubts  behind."— Engineering. 

THE  HANDBOOK  OF  OPTICS.  New  Edition.  Edited  by 
T.  Olver  Harding,  B.  A.  298  Illustrations.  Post  8vo,  5/.  cloth. 

"  Written  by  one  of  the  ablest  1  nglish  scientific  writers,  beautifully  and  elaborately 
illustrated. "—  Mechanics'  Magazine. 

THE  HANDBOOK  OF  ELECTRICITY,  MAGNETISM,  and 
ACOUSTICS.  New  Edition.  Edited  by  Geo.  Carey  Foster, 
B.  A.,  F.CS.   With  400  Illustrations.    Post  8vo,  $x.  cloth. 

"  The  book  could  not  have  been  entrusted  to  any  one  better  calculated  to  preserve 
the  terse  and  lucid  style  of  Lardner.  while  correcting  his  errors  and  bringing  up  his 
work  to  the  present  state  of  scientific  knowledge."— Popular  Science  Review. 

Dr.  Lardner  s  Handbook  of  Astro?iomy. 

THE  HANDBOOK  OF  ASTRONOMY.    Forming  a  Com- 
panion to  the  "Handbooks  of  Natural  Philosophy."    By  Diony- 
sius  Lardner,  D.C.L.    Fourth  Edition.    Revised  and  Edited  by 
Edwin  Dunkin,  F.R.S.,  Royal  Observatory,  Greenwich.  With 
38  Plates  and  upwards  of  100  Woodcuts.    In  1  vol.,  small  8vo, 
550  pages,  gs.  6</.,  cloth. 
"Probably  no  other  book  contains  the  same  amount  of  information  in  so  com- 
pendious and  well-arranged  a  form— certainly  none  at  the  price  at  which  this  is 
offered  to  the  public." — Athenaeum. 

"  We  can  do  no  other  than  pronounce  this  work  a  most  valuable  manual  of  astro- 
nomy, and  we  strongly  recommend  it  to  all  who  wish  to  acquire  a  general — but  at 
the  same  time  correct — acquaintance  with  this  sublime  science." — Quarterly  Journal 
of  Science. 

Dr.  Lardners  Handbook  of  A nz?7ial  Physics. 

THE  HANDBOOK  OF    ANIMAL  PHYSICS.     By  Dr. 
Lardner.    With  520  Illustrations.    New  edition,  small  8vo, 
cloth,  732  pages,  *js.  &/. 
•  We  have  no  hesitation  in  cordially  recommending  it."— Educational  Times. 
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Dr.  Lardner' s  School  Handbooks. 

NATURAL  PHILOSOPHY  FOR  SCHOOLS.  By  Dr.  Lardner. 

328  Illustrations.     Sixth  Edition.    1  vol.  3^.  6d.  cloth. 
"  Conveys,  in  clear  and  precise  terms,  general  notions  of  all  the  principal  divisions 
of  Physical  Science." — British  Quarterly  Review. 

ANIMAL  PHYSIOLOGY  FOR  SCHOOLS.  By  Dr.  Lardner. 

With  190  Illustrations.    Second  Edition.    1  vol.  35.  6d.  cloth. 
"Clearly  written, well  arranged,  and  excellently  illustrated." — Gardeners? Chronicle. 

Dr.  Lardner  s  Electric  Telegraph. 

THE  ELECTRIC  TELEGRAPH.    By  Dr.  Lardner.  New 
Edition.    Revised  and  Re-written,  by  E.  B.  Bright, F.R. A. S. 
140  Illustrations.    Small  8vo,  2s.  6d.  cloth. 
"One  of  the  most  readable  books  extant  on  the  Electric  Telegraph." — Eng.  Mechanic. 

Mollusca. 

A  MANUAL  OF  THE  MOLLUSCA  ;  being  a  Treatise  on 
Recent  and  Fossil  Shells.  By  Dr.  S.  P.  Woodward,  A.L.S. 
With  Appendix  by  Ralph  Tate,  A.L.S.,  F.G.S.  With  numer- 
ous Plates  and  300  Woodcuts.    3rd  Edition.  Cr.  8vo,  Js.  6d.  cloth. 

Geology  and  Genesis. 

THE  TWIN  RECORDS  OF  CREATION  ;  or,  Geology  and 
Genesis,  their  Perfect  Harmony  and  Wonderful  Concord.  By 
George  W.  Victor  le  Vaux.  Fcap.  8vo,  5*.  cloth. 

"  A  valuable  contribution  to  the  evidences  of  revelation,  and  disposes  very  conclu- 
sively of  the  arguments  of  those  who  would  set  God's  Works  against  God's  Word. 
No  real  difficulty  is  shirked,  and  no  sophistry  is  left  unexposed." — The  Rock. 

Geology. 

GEOLOGY,  PHYSICAL  AND  HISTORICAL:  Consisting 
of  "  Physical  Geology,"  which  sets  forth  the  Leading  Principles  of 
the  Science  ;  and  "Historical  Geology,"  which  treats  of  the  Mineral 
and  Organic  Conditions  of  the  Earth  at  each  successive  epoch,  especial 
reference  being  made  to  the  British  Series  of  Rocks.  By  Ralph 
Tate.    With  more  than  250  Illustrations.    Fcap.  8vo,  5^.  cloth. 

Practical  Philosophy. 

A  SYNOPSIS  OF  PRACTICAL  PHILOSOPHY.  By  Rev, 
John  Carr,  M.A.,  late  Fellow  of  Trin.  Coll.,  Camb.   i8mo,  5^.  cl. 

The  Military  Sciences. 

AIDE-MEMOIRE  to  the  MILITARY  SCIENCES.  Framed 
from  Contributions  of  Officers  and  others  connected  with  the  dif- 
ferent Services.  Originally  edited  by  a  Committee  of  the  Corps  of 
Royal  Engineers.  2nd  Edition,  revised ;  nearly  350  Engravings 
and  many  hundred  Woodcuts.    3  vols,  royal  8vo,  cloth,  4/.  ior. 

Field  Fortification. 

A  TREATISE  on  FIELD  FORTIFICATION,  the  ATTACK 
of  FORTRESSES,  MILITARY  MINING,  and  RECON- 
NOITRING. By  Colonel  I.  S.  Macaulay,  late  Professor  of 
Fortification  in  the  R.  M.  A.,  Woolwich.  Sixth  Edition,  crown 
8vo,  cloth,  with  separate  Atlas  of  12  Plates,  12s ,  complete, 
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Clocks,  Watches,  and  Bells. 

RUDIMENTARY  TREATISE  on  CLOCKS,  and  WATCHES, 
an<i  BELLS.  By  Sir  Edmund  BECKETT,  Bart.,  LL.D.,  Q.C., 
F.  R.  A.S.  Seventh  Edition,  revised  and  enlarged.  Limp  cloth 
(No.  67,  Weale's  Scries),  4c.  6</.;  tl.  bds.  Ss-  6d. 
"  The  best  work  on  the  subject  extant.  The  treatise  on  belli  is  undoubtedly 
the  best  in  the  language." — Engineering. 

"The  only  modern  treatise  on  d<><  k  making."    !  I  orological  Journal, 

The  Construction  of  the  Organ. 

PRACTICAL  ORGAN-BUILDING.     By  W.  E.  Dickson, 
M.A.,  Precentor  of  Ely  Cathedral.   Second  Edition,  revised,  with 
Additions.    i2mo,  3*.  cloth  boards. 
"The  amateur  builder  will  find  in  this  hook  all  that  is  necessary  to  enable  him 
gtCfftlMlPy  to  construct  a  perfect  organ  with  his  own  hands." — Academy. 


A  HANDBOOK  FOR  YOUNG  BREWERS.  By  Herbert 
Edwards  Wright,  B.A.   Crown  8vo,  3/.  6J.  cloth. 

"  A  thoroughly  scientific  treatise  in  popular  language." — Morning  Advertiser. 
41  We  would  particularly  recommend  teachers  ol  the  art  to  place  it  in  every  pupil's 
hands,  and  we  feel  sure  its  perusal  will  be  attended  with  advantage." — Brewer. 

Dye-  Wares  and  Colours. 

THE  MANUAL  of  COLOURS  and  DYE-WARES :  their 
Properties,  Applications,  Valuation,  Impurities,  and  Sophistications. 
For  the  Use  of  Dyers,  Printers,  Drysaltery  Brokers,  &c.  By  J. 
W.  Slater.    Second  Edition.    Crown  8vo,  js.  6d.  cloth. 

"  A  complete  encyclopaedia  of  the  materia  tinctoria."—  Chemist  and  Druggist. 
"  The  newest  resources  of  the  dyer  and  printer  are  noticed  with  completeness, 
accuracy,  and  clearness." — Chemical  News. 

Grammar  of  Colouring. 

A  GRAMMAR  OF  COLOURING,  applied  to  Decorative 
Painting  and  the  Arts.  By  George  Field.  New  edition.  By 
Ellis  A.  Davidson.    i2mo,  3/.  6d.  cloth. 

Woods  and  Marbles  {Imitation  of). 

SCHOOL  OF  PAINTING  FOR  THE  IMITATION  OF 
WOODS  AND  MARBLES,  as  Taught  and  Practised  by  A.  R. 
and  P.  Van  der  Burg.  With  24  full-size  Coloured  Plates  ;  also 
12  Plain  Plates,  comprising  154  Figures.  Folio,  2/.  1 2s.  6d.  bound. 
**  The  book  will  be  usefully  studied  by  all  those  who  imitate  woods  and  marbles, 
as  a  comprehensive  guide  to  the  art." — Building  Xnvs. 

Pictures  and  Painters. 

THE  PICTURE  AMATEUR'S  HANDBOOK  AND  DIC- 
TIONARY OF  PAINTERS  :  A  Guide  for  Visitors  to  Picture 
Galleries,  and  for  Art-Students,  including  methods  of  Painting, 
Cleaning,  Re- Lining,  and  Restoring,  the  Principal  Schools  of 
Painting.  With  Notes  on  Copyists  and  Imitators  of  each  Master. 
By  Philippe  Daryl,  B.A.    Cr.  8vo,  3J.  cloth. 

"A  really  admirable  dictionary  of  painters,  which  we  cordially  recommend." — 
Builder. 

"A  guide  to  the  authorship,  quality,  and  value  of  a  picture,  and  furnishes  the 
fundamental  knowledge  necessary  to  amateurs." — Saturday  Revittv.] 
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Delamotte"  s  Works  on  Illumination  &  Alphabets. 

A  PRIMER  OF  THE  ART  OF  ILLUMINATION  ;  for  the 

use  of  Beginners :  with  a  Rudimentary  Treatise  on  the  Art,  Prac- 
tical Directions  for  its  Exercise,  and  numerous  Examples  taken 
from  Illuminated  MSS.,  printed  in  Gold  and  Colours.  By  F.  Dela- 
MOTTE.    Small  4to,  gs.   Elegantly  bound,  cloth  antique. 
11  The  examples  of  ancient  MSS.  recommended  to  the  student,  which,  with  much 

good  sense,  the  author  chooses  from  collections  accessible  to  all,  are  selected  with 

judgment  and  knowledge,  as  well  as  taste." — Athenceutn. 

ORNAMENTAL  ALPHABETS,  ANCIENT  and  MEDIEVAL  ; 
from  the  Eighth  Century,  with  Numerals  ;  including  Gothic, 
Church-Text,  German,  Italian,  Arabesque,  Initials,  Monograms, 
Crosses,  &c.  Collected  and  engraved  by  F.  Delamotte,  and 
printed  in  Colours.  Tenth  and  Cheaper  Edition.  Royal  8vo, 
oblong,  2s.  6d.  ornamental  boards. 
' '  For  those  who  insert  enamelled  sentences  round  gilded  chalices,  who  blazon  shop 

legends  over  shop-doors,  who  letter  church  walls  with  pithy  sentences  from  the 

Decalogue,  this  book  will  be  useful." — Athenaum. 

EXAMPLES  OF  MODERN  ALPHABETS,  PLAIN  and  ORNA- 
MENTAL ;  including  German,  Old  English,  Saxon,  Italic,  Per- 
spective, Greek,  Hebrew,  Court  Hand,  Engrossing,  Tuscan, 
Riband,  Gothic,  Rustic,  and  Arabesque,  &c,  &c.  Collected  and 
engraved  by  F.  Delamotte,  and  printed  in  Colours.  Eighth  and 
Cheaper  Edition.  Royal  8vo,  oblong,  2s,  6d.  ornamental  boards. 
1 '  There  is  comprised  in  it  every  possible  shape  into  which  the  letters  of  the  alphabet 

and  numerals  can  be  formed." — Standard. 

MEDIAEVAL  ALPHABETS  AND  INITIALS  FOR  ILLUMI- 
NATORS. By  F.  Delamotte.  Containing  21  Plates,  and 
Illuminated  Title,  printed  in  Gold  and  Colours.  With  an  Intro- 
duction by  J.  Willis  Brooks.    Small  4to,  6s.  cloth  gilt. 

THE  EMBROIDERER'S  BOOK  OF  DESIGN ;  containing  Initials, 
Emblems,  Cyphers,  Monograms,  Ornamental  Borders,  Ecclesias- 
tical Devices,  Mediaeval  and  Modern  Alphabets,  and  National 
Emblems.  Collected  and  engraved  by  F.  Delamotte,  and 
printed  in  Colours.   Oblong  royal  8vo,  is.  6d.  ornamental  wrapper. 

Popular  Work  on  Painting. 

PAINTING  POPULARLY  EXPLAINED;  with  Historical 
Sketches  of  the  Progress  of  the  Art.  By  Thomas  John  Gullick, 
Painter,  and  John  Timbs,  F.S.A.  Fourth  Edition,  revised  and 
enlarged.  With  Frontispiece  and  Vignette.  In  small  8vo,  5^.  6d.  cloth. 

*#*  This  Work  has  been  adopted  as  a  Prize-book  in  the  Schools  of 
Art  at  South  Kensington. 
"  Contains  a  large  amount  of  original  matter,  agreeably  conveyed." — Builder. 
"  Much  may  be  learned,  even  by  those  who  fancy  they  do  not  require  to  be  taught, 
from  the  careful  perusal  of  this  unpretending  but  comprehensive  treatise. A  rt  Journal* 

Wood-  Carving. 

INSTRUCTIONS  in  WOOD-CARVING,  for  Amateurs;  with 
Hints  on  Design.    By  A  Lady.    In  emblematic  wrapper,  hand- 
somely  printed,  with  Ten  large  Plates,  2s.  6d. 
u  The  handicraft  of  the  wood-carver,  so  well  as  a  book  can  impart  it,  may  be  learnt 

from  '  A  Lady's '  publication." — Athtnceum. 
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AGRICULTURE,  GARDENING,  ETC. 
Youatt  and  Burn's  Complete  Grazier. 

THE  COMPLETE  GRAZIER,  and  FARMER'S  and  CATTLE- 
BREEDER'S  ASSISTANT.  A  Compendium  of  Husbandry. 
By  William  Youatt,  Esq.,  V.S.  12th  Edition,  very  con- 
siderably enlarged,  and  brought  up  to  the  present  requirements  of 
agricultural  practice.  By  Rouekt  Scoit  Burn.  One  large  8vo. 
volume,  860  pp.  with  244  Illustrations.  l/.  is.  half-l>ouncL 

"  The  standard  and  text-book,  with  the  farmer  and  grazier." — Farmer's  Magazine. 

"A  treatise  which  will  remain  a  standard  work  on  the  subject  as  long  as  British 
agriculture  endures."— Mat  k  Lane  A\i//< .  s. 

History,  Structure,  and  Diseases  of  S/io/k 

SHEEP;  THE  HISTORY,  STRUCTURE,  ECONOMY, 
AND  DISEASES  OF.  By  VV.  C.  Stooner,  M.R.V.C.,  &c. 
Fourth  Edition,  with  line  engravings,  including  specimens  of  New 
and  Improved  Breeds.     360  pp.,  \s.  cloth. 

Production  of  Meat. 

MEAT  PRODUCTION.  A  Manual  for  Producers,  Distributors, 
and  Consumers  of  Butchers'  Meat.  Being  a  treatise  on  means  of 
increasing  its  Home  Production.  A Lso  treating  of  the  Breeding, 
Rearing,  Fattening,  and  Slaughtering  of  Meat-yielding  Live  Stock  ; 
Indications  of  the  Quality,  etc.  By  John  Ewart.  Cr.  8vo,  5*.  cloth. 

"  A  compact  and  handy  volume  on  the  meat  question,  which  deserves  serious  and 
thoughtful  consideration  at  the  present  time."—  Miat  and  Provision  Tradti  Review. 

Donaldson  and  Burns  Suburban  Farming. 

SUBURBAN  FARMING.  A  Treatise  on  the  Laying  Out  and 
Cultivation  of  Farms  adapted  to  the  produce  of  Milk,  Butter  and 
Cheese,  Eggs,  Poultry,  and  Pigs,  fey  the  late  Professor  John 
Donaldson.  With  Additions,  Illustrating  the  more  Modern  Prac- 
tice, byR.  Scott  Burn.    i2mo,  4J.  cloth  boards. 

English  s  I  ^riculturc. 

A  TEXT»BOOK  OF  AGRICULTURE  (THE  FIELDS  OF 
GREAT  BRITAIN),  adapted  to  the  Syllabus  of  the  Science  and 
Art  Department.  For  Elementary  and  Advanced  Students.  By 
Hugh  Clements  (Board  of  Trade).  Writh  an  Introduction  by 
11.  Kains-Jackson.    i8mo,  2s.  &/.  cloth. 

"  A  clearly  written  description  of  the  ordinary  routine  of  English  farm-life." — Land. 
M  A  carefully  written  text-book  of  Agriculture." — Atluntrum.  [Economist. 
"A  most  comprehensive  volume,  giving  amass  of  information."— Agricultural 

Modem  Farming. 

OUTLINES  OF  MODERN  FARMING.  By  R.  ScoTr  Burn. 
Soils,  Manures,  and  Crops — Farming  and  Farming  Economy — 
Cattle,  Sheep,  and  Horses — Management  of  the  Dairy,  Pigs,  and 
Poultry — Utilisation  of  Town  Sewage,  Irrigation,  &c.  Sixth 
Edition.  In  1  vol.  1250  pp.,  half-bound,  profusely  illustrated,  I2J. 
"There  is  sufficient  stated  within  the  limits  of  this  treatise  to  prevent  a  farmer 
from  going  far  wrong  in  any  of  his  operations."— Observer. 
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The  Management  of  Estates. 

LANDED  ESTATES  MANAGEMENT:  Treating  of  the 
Varieties  of  Lands,  Methods  of  Farming,  Farm  Building,  Irrigation, 
Drainage,  &c.    By  R.  Scott  Burn.    i2mo,  cloth. 

"A  complete  and  comprehensive  outline  of  the  duties  appertaining  to  the  manage- 
ment of  landed  estates." — Journal  of  Forestry. 

The  Management  of  Farms. 

OUTLINES  OF  FARM  MANAGEMENT,  and  the  Organiza- 
tion of  Farm  Labour.  Treating  of  the  General  Work  of  the  Farm, 
Field,  and  Live  Stock,  Details  of  Contract  Work,  Specialties  of 
Labour,  Economical  Management  of  the  Farmhouse  and  Cottage, 
Domestic  Animals,  &c.    By  Robert  Scott  Burn.    i2mo,  y. 

Management  of  Estates  and  Farms. 

LANDED  ESTATES  AND  FARM  MANAGEMENT.  By 
R.  Scott  Burn.    (The  above  Two  Works  in  One  Vol.)  6s. 

Hudson  s  Tables  for  Land  Valuers. 

THE  LAND  VALUER'S  BEST  ASSISTANT :  being  Tables, 
on  a  very  much  improved  Plan,  for  Calculating  the  Value  of 
Estates.  With  Tables  for  reducing  Scotch,  Irish,  and  Provincial 
Customary  Acres  to  Statute  Measure,  &c.  By  R.  Hudson,  C.E. 
New  Edition,  royal  32mo,  leather,  gilt  edges,  elastic  band,  qs. 

Ew art's  Land  Improver's  Pocket-Book. 

THE  LAND  IMPROVER'S  POCKET-BOOK  OF  FOR- 
MUL^E,  TABLES,  and  MEMORANDA,  required  in  any  Com- 
putation  relating  to  the  Permanent  Improvement  of  Landed  Pro- 
perty.   By  John  Ewart,  Land  Surveyor.    32mo,  leather,  ^s. 

Complete  Agricultural  Surveyor's  Pocket-Book. 

THE  LAND  VALUER'S  AND  LAND  IMPROVER'S  COM- 
PLETE  POCKET-BOOK ;  consisting  of  the  above  two  works 
bound  together,  leather,  gilt  edges,  with  strap,  *]s.  6d. 
* 1  We  consider  Hudson's  book  to  be  the  best  ready-reckoner  on  matters  relating  to 
the  valuation  of  land  and  crops  we  have  ever  seen,  and  its  combination  with  Mr. 
E wart's  work  greatly  enhances  the  value  and  usefulness  of  the  latter-mentioned.— 
It  is  most  useful  as  a  manual  for  reference." — North  of  England  Farmer. 

Grafting  and  Budding. 

THE  ART  OF  GRAFTING  AND  BUDDING.  By  Charles 
Baltet.  Translated  from  the  French.  With  upwards  of  180 
Illustrations.    i2mo,  $s.  cloth  boards. 

Culture  of  Fruit  Trees. 

FRUIT  TREES,  the  Scientific  and  Profitable  Culture  of.  In- 
cluding Choice  of  Trees,  Planting,  Grafting,  Training,  Restoration 
of  Unfruitful  Trees,  &c.  From  the  French  of  Du  Breuil.  Fourth 
Edition,  revised.  With  an  Introduction  by  George  Glenny.  4«t.  cl. 

"  The  book  teaches  how  to  prune  and  train  fruit-trees  to  perfection."—  Field. 

Potato  Culture. 

POTATOES,  HOW  TO  GROW  AND  SHOW  THEM:  A 
Practical  Guide  to  the  Cultivation  and  General  Treatment  of  the 
Potato.    By  James  Pink.    With  Illustrations.    Cr.  8vo,  2s.  cl. 
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Good  Gardening. 

A  PLAIN  GUIDE  TO  GOOD  GARDENING ;  or,  How  to 
Grow  Vegetables,  Fruits,  and  Mowers.  With  Practical  Notes  on 
Soils,  Manures,  Seeds,  Planting,  Laying-out  of  Gardens  and 
Grounds,  &c.  By  S.  Wood.  Third  Edition.  Cr.  8vo,  y.  cloth. 
"A  rery  good  book,  and  one  to  be  highly  recommended  as  a  practical  guide. 
The  practical  directions  arc  excellent." — Athenarum. 

Gainful  Gardening. 

MULTUM-IN-PARVO  GARDENING;  or,  How  to  make  One 
Acre  of  Land  produce  ^620  a  year,  by  the  Cultivation  of  Fruits 
and  Vegetables  ;  also,  How  to  Grow  Flowers  in  Three  Glass 
1  louses,  so  as  to  realise  ,£176  per  annum  clear  Profit.  By  SAMUEL 
WOOD.  3rd  Edition,  revised.  Cr.  8vo,  2s.  cloth. 
11  \W  arc  bound  to  recommend  it  as  not  only  suited  to  the  case  of  the  amateur  and 
gentleman's  gardener,  but  to  the  market  grower."— Gardner's  Magazine. 

Gardening  for  Ladies. 

THE  LADIES'  MULTUM-IN-PAKVO  FLOWER  GARDEN, 
and  Amateur's  Complete  Guide.     By  S.  Wood.    Cr.  8vo,  3*.  cV. 

Bulb  Culture. 

THE  BULB  GARDEN,  or,  How  to  Cultivate  Bulbous  and 
Tuberous- rooted  Flowering  Plants  to  Perfection.  By  Samuel 
Wood.    Coloured  Plates.    Crown  8vo,  p.  6</.  cloth. 

Tree  Planting. 

THE  TREE  PLANTER  AND  PLANT  PROPAGATOR: 
A  Practical  Manual  on  the  Propagation  of  Forest  Trees,  Fruit 
Trees,  Flowering  Shrubs,  Flowering  Plants,  Pot  Herbs,  &c. 
Numerous  Illustrations.   By  Samuel  Wood.   i2mo,  2s.  &/.  cloth. 

Tree  Pruning. 

THE  TREE  PRUNER :  A  Practical  Manual  on  the  Pruning  of 
Fruit  Trees,  their  Training  and  Renovation  ;  also  the  Pruning  of 
Shrubs,  Climbers,  &c.    By  S.  Wood.    l2mo,  2s.  &/.  cloth. 

Tree  Planting,  Pruning,  &  Plant  Propagation. 

THE  TREE  PLANTER,  PROPAGATOR,  AND  PRUNER. 
By  Samuel  Wood,  Author  of  "  Good  Gardening,"  &c.  Consisting 
of  the  above  Two  Works  in  One  Vol.,  $s.  half-bound. 

Early  Fruits,  Flowers  and  Vegetables. 

THE  FORCING  GARDEN:  or,  How  to  Grow  Early  Fruits, 
Flowers,  and  Vegetables.  With  Plans  and  Estimates  for  Building 
Glasshouses,  Tits,  Frames,  &c.   By  S.  Wood.  Crown  8vo,  31.  &/. 

Market  Gardening,  Etc. 

THE  KITCHEN  AND  MARKET  GARDEN.  By  Con- 
tributors  to  "The  Garden."  Compiled  by  C.  W.  Shaw,  Editor 
of  " Gardening  Illustrated."    i2mo,  $s.  6J.  cl.  bds. 

Kitchen  Gardening. 

KITCHEN  GARDENING  MADE  EASY.  Showing  how  to 
prepare  and  lay  out  the  ground,  the  best  means  of  cultivating  every 
known  Vegetable  and  Herb,  etc.  By  G.  M.  F.  Glenn y.  iaino,  2s. 


32    WORKS  PUBLISHED  BY  CROSBY  LOCKWOOD  &  CO. 


Bankruptcy — Bills  of  Exchange — 
Contracts  and  Agreements — Copy- 
right—Dower and  Divorce — Elec- 
tions and  Registration — Insurance 
— Libel  and  Slander — Mortgages— 

Also  Law  for  Landlord  and  Tenant — 
Master  and  Servant — Workmen  and  Ap- 
prentices— Heirs,  Devisees,  and  Lega- 
tees —  Husband  and  Wife  —  Executors 
and  Trustees  —  Guardian  and  Ward  — 
Married  Women  and  Infants — Partners 
and  Agents  —  Lender  and  Borrower  — 
Debtor   and   Creditor  —  Purchaser  and 


(A  Complete  Epitome  of  the  Laws  of  this  Country' 

EVERY  MAN'S  OWN  LAWYER ;  a  Handy-Book  of  the  Prin- 
ciples of  Law  and  Equity.  By  A  Barrister.  New  Edition. 
Corrected  to  the  end  of  last  Session.  Embracing  upwards  of 
3,500  Statements  on  Points  of  Law,  Verified  by  the  addition  of 
Notes  and  References  to  the  Authorities.  Crown  8vo,  cloth, 
price  6 j".  Sd.  (saved  at  every  consultation). 

COMPRISING  THE  RIGHTS  AND  WRONGS  OF  INDIVIDUALS,  MERCANTILE 
AND  COMMERCIAL  LAW,  CRIMINAL  LAW,  PARISH  LAW,  COUNTY  COURT 
LAW,  GAME  AND  FISHERY  LAWS,  POOR  MEN'S  LAW,  THE  LAWS  OF 

Settlements  —  Stock  Exchange  Prac- 
tice— Trade  Marks  and  Patents — 
Trespass,  Nuisances,  etc. — Transfer 
of  Land,  etc. — Warranty  —  Wills 
and  Agreements,  etc. 
Vendor  —  Companies  and  Associations 
— Friendly  Societies — Clergymen,  Church- 
wardens— Medical    Practitioners,   &c.  — 
Bankers  —  Farmers  —  Contractors — Stock 
and  Share  Brokers — Sportsmen  and  Game- 
keepers— Farriers   and  Horse-Dealers — 
Auctioneers,  House- Agents — Innkeepers, 
&c. — Pawnbrokers — Surveyors,  &c,  &c. 
No  Englishman  ought  to  be  without  this  book." — Engineer. 
"  What  it  professes  to  be — a  complete  epitome  of  the  laws  of  this  country,  thoroughly 
intelligible  to  non-professional  readers.  The  book  is  a  handy  one  to  have  in  readiness 
when  some  knotty  point  requires  ready  solution." — Bell's  Life. 
fl  A  useful  and  concise  epitome  of  the  law." — Law  Magazine. 

Auctioneer's  Assistant 

THE  APPRAISER,  AUCTIONEER,  BROKER,  HOUSE 
AND  ESTATE  AGENT,  AND  VALUER'S  POCKET  AS- 
SISTANT, for  the  Valuation  for  Purchase,  Sale,  or  Renewal  of 
Leases,  Annuities,  and  Reversions,  and  of  property  generally ; 
with  Prices  for  Inventories,  &c.  By  John  Wheeler,  Valuer,  &c. 
Fourth  Edition,  enlarged,  by  C.  Norris.  Royal  321110,  cloth,  $s. 
"  A  concise  book  of  reference,  containing  a  clearly-arranged  list  of  prices  for 
inventories,  a  practical  guide  to  determine  the  value  of  furniture,  &c." — Standard. 

Auctioneering. 

AUCTIONEERS  :  THEIR  DUTIES  AND  LIABILITIES. 
By  Robert  Squibbs,  Auctioneer.    Demy  8vo,  ioj.  6d.  cloth. 

"The  history,  position,  and  duties  of  auctioneers,  treated  compendiously  and 
clearly. " — Builder. 

Hottse  Property. 

HANDBOOK  OF  HOUSE  PROPERTY  :  a  Popular  and  Prac- 
tical Guide  to  the  Purchase,  Mortgage,  Tenancy,  and  Compulsory 
Sale  of  Houses  and  Land  ;  including  the  Law  of  Dilapidations  and 
Fixtures,  &c.  By  E.  L.  Tarbuck.  3rd  Edit.  i2mo,  31-.  6d.  cloth. 

"We  are  glad  to  be  able  to  recommend  it." — Builder.  [just  published. 

"  The  advice  is  thoroughly  practical." — Law  Journal. 

Metropolitan  Rating. 

METROPOLITAN  RATING  :  a  Summary  of  the  Appeals 
heard  before  the  Court  of  General  Assessment  Sessions  at  West- 
minster, in  the  years  1871-80  inclusive.  Containing  a  large  mass 
of  very  valuable  information  with  respect  to  the  Rating  of  Rail- 
ways, Gas  and  Waterworks,  Tramways,  Wharves,  Public  Houses, 
&c.    By  Edward  and  A.  L.  Ryde.  8vo,  \2s.  6d. 

Bradbury,  Agneyr,  &  Co.,  Printers,  Whitefriaxs,  London. 


Wealf*  Kttttimetttars  &ttte$. 


PHILADELPHIA,  1876. 
THE   PRIZE  MEDAL 

Was  awarded  to  the  Publishers  for 
Books :  Rudimentary,  Scientific, 

"WEALE'S  SERIES,''  ETC. 

A  NEW  LIST  OF 

WEALE'S  SERIES 

RUDIMENTARY  SCI ENTI FIC,  EDUCATIONAL, 
AND  CLASSICAL. 

Comprising  nearly  Three  Hundred  and  Fifty  distinct  ivorks  in  atmmt  VO&Tf 
department  of  Science,  Art,  and  Education,  recommended  to  the  notice  of  l^u^fnerr** 
Architects,  Builders,  Artisans,  and  Students  generally,  as  tvell  as  to  those  inl<  / 1  iteJ 


in  W  ot  k'tiien  s  l.it>t\iru\,  J. iter 
ScienTe  lTSwT  &*c,  &*c. 


ty  and  Scientific  Institutions,  Colleges,  Sthools, 


13"  N  WEALE'S  SERIES  includes  Text-Books  on  almost  every  branch  of 
Science  and  Industry,  comprising  such  subjects  as  Agriculture,  Architecture 
and  Building,  Civil  Engineering,  Fine  Arts,  Mechanics  and  Mechanical 
Engineering,  Physical  and  Chemical  Science,  and  many  miscellaneous 
Treatises.  The  whole  are  constantly  undergoing  revision,  and  new  editions, 
brought  up  to  the  latest  discoveries  in  scientific  research,  are  constantly 
issued.  The  prices  at  which  they  are  sold  are  as  low  as  their  excellence  is 
assured." — American  Literary  Gazette. 

M  Amongst  the  literature  of  technical  education,  Weale's  Series  has  ever 
enjoyed  a  high  reputation,  and  the  additions  being  made  by  Messrs.  Crosby 
LOCKWOOD  &  Co.  render  the  series  even  more  complete,  and  bring  the  infor- 
mation upon  the  several  subjects  down  to  the  present  time." — Mining 
Journal. 

"  It  is  impossible  to  do  otherwise  than  bear  testimony  to  the  value  of 
Weale's  Series." — Engineer. 

"Everybody — even  that  outrageous  nuisance  '  Every  Schoolboy* — knows 
the  merits  of  *  Weale's  Rudimentary  Series.'  Any  persons  wishing  to 
acquire  knowledge  cannot  do  better  than  look  through  Weale's  Series  and 
get  all  the  books  they  require.  The  Series  is  indeed  an  inexhaustible  mine 
of  literary  wealth." — The  Metropolitan. 

"  WEALE'S  SERIES  has  become  a  standard  as  well  as  an  unrivalled 
collection  of  treatises  in  all  branches  of  art  and  science." — Public  Opinion. 
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weale's  rudimentary  series. 


WEALE'S  RUDIMENTARY  SCIENTIFIC  SERIES. 


*#*  The  volumes  of  this  Series  are  freely  Illustrated  with 
Woodcuts,  or  otherwise,  where  requisite.  Throughout  the  fol- 
lowing List  it  must  be  understood  that  the  books  are  bound  in 
limp  cloth,  unless  otherwise  stated;  but  the  volumes  marked 
with  a  t  may  also  be  had  strongly  bound  in  cloth  boards  for  6d. 
extra. 

N.B. — In  ordering  from  this  List  it  is  recommended,  as  a 
means  of  facilitatirig  business  and  obviating  error,  to  quote  the 
numbers  affixed  to  the  volumes,  as  well  as  the  titles  and  prices. 


CIVIL  ENGINEERING,  SURVEYING,  ETC. 

31.  WELLS  AND  WELL-SINKING.   By  John  Geo.  Swindell, 

A.R.I.B.A.,  and  G.  R.  Burnell,  C.E.    Revised  Edition.    With  a  New 

Appendix  on  the  Qualities  of  Water.    Illustrated.  2s. 
35.  THE  BLASTING  AND   QUARRYING   OF  STONE,  for 

Building  and  other  Purposes.  With  Remarks  on  the  Blowing  up  of  Bridges. 

By  Gen.  Sir  John  Burgoyne,  Bart.,  K.C.B.    Illustrated,    is.  od. 
44.  FOUNDATIONS  AND  CONCRETE  WORKS,  a  Rudimentary 

Treatise  on  ;  containing  a  Synopsis  of  the  principal  cases  of  Foundation 
Works,  with  the  usual  Modes  of  Treatment,  and  Practical  Remarks  on 
Footings,  Planking,  Sand,  Concrete,  Beton,  Pile-driving,  Caissons,  and 
Cofferdams.   By  E.  Dobson,  M.R.I.B.A.,  &c.  Fifth  Edition,  revised,  is.  6d. 

60.  LAND  AND  ENGINEERING  SURVEYING,  a  Treatise  on; 

with  all  the  Modern  Improvements.    By  T.  Baker,  C.E.     New  Edition, 
revised  by  Edward  Nugent,  C.E.  Illustrated  with  Plates  and  Diagrams.  2s. t 
80*.  EMBANKING  LANDS  FROM  THE  SEA,  the  Practice  of. 

Treated  as  a  Means  of  Profitable  Employment  for  Capital.  With  Examples 
and  Particulars  of  actual  Embankments,  &c.  By  J.  Wiggins,  F.G.S.  2s. 
81.  WATER  WORKS,  for  the  Supply  of  Cities  and  Towns.  With 
a  Description  of  the  Principal  Geological  Formations  of  England  as  in- 
fluencing Supplies  of  Water ;  and  Details  of  Engines  and  Pumping  Machinery 
for  raising  Water.   By  Samuel  Hughes,  F.G.S. ,  C.E.   New  Edition.  4s.* 

117.  SUBTERRANEOUS  SURVEYING,  an  Elementary  and  Prac- 

tical Treatise  on.  By  Thomas  Fenwick.  Also  the  Method  of  Conducting 
Subterraneous  Surveys  without  the  Use  of  the  Magnetic  Needle,  and  other 
Modern  Improvements.    By  Thomas  Baker,  C.E.    Illustrated.    2s.  6d.t 

118.  CIVIL  ENGINEERING  IN  NORTH  AMERICA,  a  Sketch 

of.   By  David  Stevenson,  F.R.S.E.,  &c.   Plates  and  Diagrams.  3s. 

167.  IRON  BRIDGES,  GIRDERS,  ROOFS,  AND  OTHER 
WORKS.  By  Francis  C ampin,  C.E.   2s.  6d.t 

197.  ROADS  AND  STREETS  {THE  CONSTRUCTION  OF), 
in  two  Parts :  I.  The  Art  of  Constructing  Common  Roads,  by  Henry 
Law,  C.E.,  revised  by  D.  K.  Clark,  C.E. ;  II.  Recent  Practice,  including 
pavements  of  Stone,  Wood,  and  Asphalte,  by  D.  K.  Clark.    4s.  6d.t 

203.  SANITARY  WORK  IN  THE  SMALLER  TOWNS  AND  IN 

VILLAGES.  Comprising :— 1.  Some  of  the  more  Common  Forms  of 
Nuisance  and  their  Remedies  ;  2.  Drainage  ;  3.  Water  Supply.  By  Charles 
Slagg,  Assoc.  M.  Inst.  C.E.  Second  Edition,  revised  and  enlarged.  3s. X 
212.  THE  CONSTRUCTION  OF  GAS-WORKS,  and  the  Manu- 
facture and  Distribution  of  Coal  Gas.  Originally  written  by  Samuel 
Hughes,  C.E.  Sixth  Edition,  re-written  and  much  enlarged  by  William 
Richards,  C.E.    With  72  Illustrations.    4s.  6d.t 

S^F*  The  %  indicates  that  these  vols*  may  be  had  strongly  bound  at  6d.  extra. 
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Civil  Engineering,  Surveying,  etc.,  continued. 

213.  PIONEER  ENGINEERING.  A  Treatise  on  the  Engineering 
Operations  connected  with  the  Settlement  of  Waste  Lands  in  New  Coun- 
tries.   By  Edward  Dobson,  Assoc.  Inst  C.E.   4s.  6d.t 

216.  MATERIALS  AND  CONSTRUCTION ;  A  Theoretical  and 
Practical  Treatise  on  the  Strains,  Designing,  and  Erection  of  Works  of  Con- 
struction. By  Francis  Campin,  C.E.  ■•♦ 

219.  CIVIL  ENGINEERING.  By  Henry  Law,  M.Tnst.  C.E. 
Including  Hydraulic  Encinrering  by  Geo.  K.  Bl-rnkll,  M.Inst.  C.E. 
Seventh  Edition,  revised,  with  largo  additions  by  D.  kKiNNtAR  Clark, 
M.Inst.  C.E.   6s.  6d„  Cloth  boards,  7s.  6tL 


MECHANICAL  ENGINEERING,  ETC. 

33.  CRANES,  the  Construction  of,  and  other  Machinery  for  Raising 

Heavy  Bodies.   By  Joseph  Glynn,  F.R.S.   Illustrated,    is.  td 

34.  THE  STEAM  ENGINE.  By  Dr.  Lardner.  Illustrated.  is.6d. 
59.  STEAM  BOILERS :  their  Construction  and  Management.  By 

R.  Armstrong,  C.E.   Illustrated,    is.  6d. 
82.  THE  POWER  OF  WATER,  as  applied  to  drive  Flour  Mills, 

and  to  give  motion  to  Turbines,  &c.    By  Joskfh  Glynn,  F.R.S.    2s. t 
98.  PRACTICAL  MECHANISM,  the  Elements  of;  and  Machine 

Tools.  By  T.  Baker,  C.E.  With  Additions  by  J.  Nasmyth,  C.E.  as.  od.J 
139.  THE  STEAM  ENGINE,  a  Treatise  on  the  Mathematical  Theory 

of,  with  Rules  and  Examples  tor  Practical  Men.  By  T.  Baker,  C.E.   is.  td. 

164.  MODERN  WORKSHOP  PRACTICE,  as  applied  to  Marine, 

Land,  and  Locomotive  Engines,  Floating  Dorks,  Dredging  Machines, 
Bridges,  Cranes,  Ship-building,  8cc,  fcc.  By  J.  G.  Winton.  Illustrated.  3s. X 

165.  IRON  AND  HEAT,  exhibiting  the  Principles  concerned  in  the 

Construction  of  Iron  Beams,  Pillars,  and  Bridge  Girders,  and  the  Action  of 
Heat  in  the  Smelting  Furnace.    By  J.  Armour,  C.E.    2s.  6d.X 

166.  POWER  IN  MOTION:  Horse-Power,  Toothed-Wheel  Gearing, 

Long  and  Short  Driving  Bands,  and  Angular  Forces.  By  J.  Armour,  2s.6d.i 

171.  THE    WORKMAN'S    MANUAL    OF  ENGINEERING 

DRAWING.  By  J.  Maxton.  5th  Edn.  With  7  Plates  and  350  Cuts.  3s.  6d.| 
190.  STEAM   AND   THE    STEAM  ENGINE,  Stationary  and 

Portable.   By  John  Sewell  and  D.  K.  Clark,  M.I.C.E.   3s.  6d.| 
200.  FUEL,  its  Combustion  and  Economy.    By  C.  W.  Williams, 

With  Recent  Practice  in  the  Combustion  and  Economy  of  Fuel  — Coal,  Coke. 
Wood,  Peat,  Petroleum,  8cc— by  D.  K.  Clark,  M.I.C.E.   3s.  6d.t 

202.  LOCOMOTIVE  ENGINES.  By  G.  D.  DSMPSEY,  C.E. ;  with 
large  additions  by  D.  Kinnkar  Clark,  M.I.C.E.   3s. X 

111.  THE  BOILERMAKER'S  ASSISTANT  in  Drawing,  Tern- 
plating,  and  Calculating  Boiler  and  Tank  Work.  By  John  Courtney. 
Practical  Boiler  Maker.  Edited  by  D.  K.  Clark,  C.E.  100  Illustrations,  2s. 

217.  SEWING  MACHINERY :  Its  Conduction,  History-,  &c,  with 
full  Technical  Directions  for  Adjusting,  &c.  By  J.  W.  Urquhart,  C.E.  2s. } 

223.  MECHANICAL  ENGINEERING.  Comprising  Metallurgy, 
Moulding,  Casting,  Forging,  Tools,  Workshop  Machinery,  Manufacture  01 
the  Steam  Engine,  &c.   By  Francis  Campin,  C.E.    2s.  6d.* 

236.  DETAILS  OF  MACHINERY.     Comprising  Instructions  for 

the  Execution  of  various  Works  in  Iron  in  the  Fitting-Shop,  Foundry,  and 
Boiler-Yard.   By  Francis  Campin.'C.E.  3s.* 

237.  THE  SMITHY  AND  FORGE;  including  the  Farrier's  Art  and 

CoachSmithing.    By  W.'J.  E.  Crane.    Illustrated.    2s.  6d,J 

238.  THE  SHEET-METAL  WORKER'S  GUIDE;  a  Practical  Hand- 

book for  Tinsmiths,  Coppersmiths,  Zincworkers,  8cc.  With  94  Diagrams  and 

 Working  Patterns.    By  W.  J.  E.  Crane,    is.  6d.  

jj^yj  The  X  indicates  that  these  vols,  may  be  had  strongly  bound  at  6d.  extra. 
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WEALE  S  RUDIMENTARY  SERIES. 


MINING,   METALLURGY,  ETC. 

4.  MINERALOGY,  Rudiments  of ;  a  concise  View  of  the  Properties 

of  Minerals.   By  A.  Ramsay,  Jun.    Woodcuts  and  Steel  Plates.    3s. t 
117.  SUBTERRANEOUS  SURVEYING,  Elementary  and  Practical 
Treatise  on,  with  and  without  the  Magnetic  Needle.    By  Thomas  Fknwick, 
Surveyor  of  Mines,  and  Thomas  Baker,  C.E.    Illustrated.    2s.  6d.* 
133.  METALLURGY  OF  COPPER  ;  an  Introduction  to  the  Methods 
of  Seeking,  Mining,  and  Assaying  Copper,  and  Manufacturing  its  Alloys. 
By  Robert  H.  Lamborn,  Ph.D.    Woodcuts.   2s.  6d.t 
135.  ELECTRO-METALLURGY ;  Practically  Treated.    By  Alex- 
ander Watt,  F.R.S.S.A.    Eighth  Edition,  revised,  with  additional  Matter 
and  Illustrations,  including  the  most  recent  Processes.  3s. t 

172.  MINING  TOOLS,  Manual  of.  For  the  Use  of  Mine  Managers, 
Agents,  Students,  &c.  By  William  Morgans.  2s.  6d.t 
172*  MINING  TOOLS,  ATLAS  of  Engravings  to  Illustrate  the  above, 
containing  235  Illustrations,  drawn  to  Scale.  4to.  4s.  6d. ;  cloth  boards,  6s. 
176.  METALLURGY  OF  IRON.  Containing  History  of  Iron  Manu- 
facture. Methods  of  Assay,  and  Analyses  of  Iron  Ores,  Processes  of  Manu- 
facture of  Iron  and  Steel,  &c.  By  H.  Bauerman,  F.G.S.  Fifth  Edition, 
revised  and  enlarged.    5s. % 

180.  COAL  AND  COAL  MINING.    By  Warington  W.  Smyth, 

M.A.,  F.R.S.  Fifth  Edition,  revised.  With  numerous  Illustrations.  3s.  6d.t 

[95.  THE   MINERAL    SURVEYOR  AND  VALUER'S  COM- 

PLETE  GUIDE,  with  new  Traverse  Tables,  and  Descriptions  of  Improved  ' 
Instruments ;  also  the  Correct  Principles  of  Laying  out  and  Valuing  Mineral 
Properties.    By  William  Lintern,  Mining  and  Civil  Engineer.    3s.  6d4 
214.  SLATE  AND  SLATE  QUARR  YING,  Scientific,  Practical,  and 

Commercial.    By  D.  C.  Davies,  F.G.S.,  Mining  Engineer,  &c.  3S.J 

220.  MAGNETIC  SURVEYING,  AND  ANGULAR  SURVEY- 
ING, with  Records  of  the  Peculiarities  of  Needle  Disturbances.  Compiled 
from  the  Results  of  carefully  made  Experiments.    By  W.  Lintern.  2s. 


No.     ARCHITECTURE,  BUILDING,  ETC. 

16. '  ARCHITECTURE— ORDERS— The  Orders  and  their  ^Esthetic 

Principles.    By  W.  H.  Leeds.    Illustrated,   is.  6d. 

17.  ARCHITECTURE— STYLES— The  History  and  Description  of 

the  Styles  of  Architecture  of  Various  Countries,  from  the  Earliest  to  the 
Present  Period.    By  T.  Talbot  Bury,  F.R.I.B.A.,  &c.    Illustrated.  2s. 
***  Orders  and  Styles  of  Architecture,  in  One  Vol.,  3$.  6d. 

18.  ARCHITECTURE— DESIGN— The  Principles  of  Design  in 

Architecture,  as  deducible  from  Nature  and  exemplified  in  the  Works  of  the 
Greek  and  Gothic  Architects.  By  E.  L.  Garbett,  Architect.  Illustrated.  2s.6d. 
***  The  three  preceding-  Works,  in  One  handsome  Vol.,  half  bound,  entitled 
"Modern  Architecture," price  6s, 
22.  THE  ART  OF  BUILDING,  Rudiments  of.    General  Principles 

of  Construction,  Materials  used  in  Building,  Strength  and  Use  of  Materials, 
Working  Drawings,  Specifications,  and  Estimates.    By  E.  Dobson,  2s.$ 

25.  MASONRY  AND  STONE CUTTING ;  in  which  the  Principles 

of  Masonic  Projection  and  their  application  to  the  Construction  of  Curved 
Wing- Walls,  Domes,  Oblique  Bridges,  and  Roman  and  Gothic  Vaulting* 
are  explained.  By  Edward  Dobson,  M.R.I.B.A.,  &c.   2s.  6d.t 
42.  COTTAGE  BUILDING.    By  C.  Bruce  Allen,  Architect, 

Ninth  Edition,  revised  and  enlarged.   Numerous  Illustrations-,    is.  6d. 

45.  LIMES,  CEMENTS,  MORTARS,  CONCRETES,  MASTICS, 

PLASTERING,  &c.    By  G.  R.  Burnell,  C.E.   Twelfth  Edition,    is.  6d. 

The  J.  indicates  that  these  vols,  may  be  had  strongly  bound  at  6d.  extra. 
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Architecture,  Building,  etc.,  continued. 

57.  WARMING  AND  VENTILATION.  An  Exposition  of  tlic 
General  Principles  as  applied  to  Domestic  and  Public  Buildings.  Mines, 
Lighthouses,  Ships,  8tc.   By  C.  Tomlinson,  F.R.S.,  &c.   Illustrated.  3s. 

irr.  ARCHES,  PIERS,  BUTTRESSES,  &c. :  Experimental  Essay* 
on  the  Principles  of  Construction.    By  W.  Bland.    Illustrated,    is.  6d.  . 

Mb.  THE  ACOUSTICS   OF  PUBLIC  BUILDINGS;   or,  The 

Principles  of  the  Science  of  Sound  applied  to  the  purposes  of  the.'Architect  and 
Builder.  By  T.  Roger  Smith,  M.K.I. B.A.,  Architect.  Illustrated,  is.  6d. 

127.  ARCHITECTURAL  MODELLING  IN  PAPER,  the  Ait  of. 

By  T.  A.  Richardson,  Architect.    Illustrated,    is.  6d. 

128.  VITRUVIUS—THE    ARCHITECTURE     OF  MARCUS 

V1TRUVIUS  POLLO.  In  Ten  Books.  Translated  from  the  Latin  by 
Joseph  Gwilt,  F.S.A.,  F.R.A.S.   With  23  Plates.  5s. 

130.  GRECIAN  ARCHITECTURE,  An  Inquiry  into  the  Principles 
ot  Beauty  in  ;  with  an  Historical  View  of  the  Rise  and  Progress  of  the  Art  in 
Greece.    By  the  Earl  of  Aberdeen,  is. 
*•*  The  two  preceding  Works  in  One  handsome  Vol.,  half  bound,  entitled  "Ancient 
Architecture,"  price  6s. 
132.  THE  ERECTION  OF  DWELLING-HOUSES.  Illustrated  by 
a  Perspective  View,  Plans,  Elevations,  and  Sections  of  a  pair  of  Semi- 
detached Villas,  with  the  Specification,  Quantities,  and  Estimates,  8tc.  By 
S.  H.  Brooks.    New  Edition,  with  Plates.  2s.  6d  i 

156.  QUANTITIES  AND  MEASUREMENTS,  How  to  Calculate  and 

Take  them  in  Bricklayers',  Masons',  Plasterers',  Plumbers',  Painters',  Paper- 
bangers',  Gilders',  Smiths',  .Carpenters',  and  Joiners'  Work.      By  A.  C. 
Beaton,  Architect  and  Surveyor.  New  and  Enlarged  Edition.  Ulus.   is.  6d. 
175.  LOCKWOOD  &  CO.'S  BUILDER'S  AND  CONTRACTOR'S 

PRICE  BOOK,  containing  the  latest  Prices  of  all  kinds  of  Builders'  Materials 
and  Labour,  and  of  all  Trades  connected  with  Building,  &c,  &c.  Edited 
by  F.  T.  W.  Miller,  Architect.  Published  annually.  3s.  td. ;  half  bound,  4s. 

182.  CARPENTRY  AND  JOINERY— The  Elementary  Prin- 

ciplks  of  Carpentry.  Chiefly  composed  from  the  Standard  Work  of 
Thomas  Trbbgold,  C.E.  With  Additions  from  the  Works  of  the  most 
Recent  Authorities,  and  a  TREATISE  ON  JOINERY  by  E.  Wyndiiam 
Tarn,  M.A.  Numerous  Illustrations.  3s.  6d.f 
182*.  CARPENTRY  AND  JOINERY.  ATLAS  of  35  Plates  to 
accompany  the  above.  With  Descriptive  Letterpress.  4to.  6s. ;  cloth,  7s.  6d. 
185.  THE  COMPLETE  MEASURER  ;  the  Measurement  of  Boards, 
Glass,  &c. ;  Unequal-sided,  Square-sided,  Octagonal-sided,  Round  Timber 
and  Stone,  and  Standing  Timber,  8cc.  By  Richard  Horton.  Fourth 
Edition.   4s. ;  strongly  bound  in  leather,  5s. 

187.  HINTS  TO  YOUNG  ARCHITECTS.    By  G.  Wightwick. 

New  Edition.    By  G.  H.  Guillaumb.    Illustrated.    3s.  6d.$ 

188.  HOUSE  PAINTING,  GRAINING,  MARBLING,  AND  SIGN 

WRITING  :  containing  full  information  on  the  Processes  of  House-Painting, 
the  Practice  of  Sign- Writing,  the  Principles  of  Decorative  Art,  a  Course  of 
Elementary  Drawing  for  House- Painters,  Writers,  8cc,  8tc.  With  9  Coloured 
Plates,  and  nearly  150  Wood  Engravings.  By  Ellis  A.  Davidson.  Third 
Edition,  revised.    5s.  cloth  limp  ;  6s.  cloth  boards. 

189.  THE  RUDIMENTS   OF  PRACTICAL  BRICKLAYING. 

In  Six  Sections  :  General  Principles  ;  Arch  Drawing,  Cutting,  and  Setting 
Pointing;  Paving,  Tiling,  Materials;  Slating  and  Plastering;  Practical 
Geometry,  Mensuration,  Sec.    By  Adam  Hammond.    Illustrated,    is.  6d. 
I^I,  PLVMBING.    A  Text-Book  to  the  Practice  of  the  Art  or  Craft  of 
the  Plumber.     With  Chapters  upon  House  Drainage.     Fourth  Edition. 
With  330  Illustrations.   By  W.  P.  Blchan.   3s.  6d4 

8t^F*  The  %  indicates  that  these  vols,  may  be  had  strongly  bound  at  6d.  extra. 
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Architecture,  Building,  etc.,  continued. 
192.  THE  TIMBER  IMPORTER'S,  TIMBER  MERCHANTS, 

and  BUILDER'S  STANDARD    GUIDE.    By  Richard  E.  Grandy. 

Second  Edition,  Revised.    3s. $ 
206.  A  BOOK  ON  BUILDING,  Civil  and  Ecclesiastical,  including 

Church  Restoration.    With  the  Theory  of  Domes  and  the  Great  Pyramid, 

&c  By  Sir  Edmund  Beckett,  Bart.,  LL.D.,  Q.C.,  F.R.A.S.   4s.  6d.t 
226.  THE  JOINTS  MADE  AND  USED  BY  BUILDERS  in  the 

Construction  of  various  kinds  of  Engineering  and  Architectural  Works.  By 
Wyvili.  J.Christy,  Architect.  With  upwards  ol  160  Engravings  on  Wood.  3s.  X 

228.  THE  CONSTRUCTION  OF  ROOFS  OF  WOOD  AND  IRON 
(An  Elementary  Treatise  on).  By  E.  Wyndham  Tarn,  M.A.,  Architect. 
Second  edition,  revised  and  corrected,    is.  6d. 

229.  ELEMENTARY  DECORATION :  as  applied  to  the  Interior 

and  Exterior  Decoration  of  Dwelling-Houses,  &c.  By  James  W.  Facey,  Jun. 
Illustiated  with  Sixty-eight  explanatory  Engravings.  2s. 

230.  HA NDRAILING  (A  Practical  Treatise  on).    Showing  New  and 

Simple  Methods  for  finding  the  Pitch  of  the  Plank,  Drawing  the  Moulds, 
Bevelling,  Jointing-up,  and  Squaring  the  Wreath.  By  George  Collings. 
Illustrated  with  Plates  and  Diagrams,    is.  6d, 

247.  BUILDING  ESTA  TES  :  a  Rudimentary  Treatise  on  the  Develop- 

ment, Sale,  Purchase,  and  General  Management  ol  Building  Land,  including 
the  Formation  of  Streets  and  Sewers,  and  the  Requirements  of  Sanitary 
Authorities.    By  Fowler  Maitland,  Surveyor.    Illustrated.  2s. 

248.  PORTLAND  CEMENT  FOR  USERS.    By  Henry  Faija, 

Assoc.  M.  Inst.  C.E.    Second  Edition,  corrected.    Illustrated.  2s. 


SHIPBUILDING,  NAVIGATION,  MARINE 
ENGINEERING,  ETC. 

51.  NAVAL  ARCHITECTURE,  the  Rudiments  of;  or  an  Exposi- 
tion of  the  Elementary  Principles  ol  the  Science,  and  their  Practical  Appli- 
cation to  Naval  Construction.  Compiled  for  the  Use  of  Beginners.  By 
James  Peake.    Fifth  Edition,  with  Plates  and  Diagrams.   3s.  6d.f 

53*.  SHIPS  FOR  OCEAN  AND',  RIVER  SERVICE,  Elementary 

and  Practical  Principles  ol  the  Construction  of.  By  Hakon  A.  Sommer- 
feldt,  Surveyor  of  the  Royal  Norwegian  Navy.    With  an  Appendix,  is.  6d. 

53**.  AN  ATLAS  OFENGRA  VINGS  to  Illustrate  the  above.  Twelve 

large  folding  plates.    Royal  4to,  cloth.    7s.  6d. 

54.  MASTING,  MAST-MAKING,  AND  RIGGING  OF  SHIPS, 

Rudimentary  Treatise  on.  Also  Tables  ol  Spars,  Rigging,  Blocks;  Chain, 
Wrire.  and  Hemp  Ropes,  &c,  relative  to  every  class  of  vessels.  By  Robert 
Kipping,  N.A.  Fifteenth  Edition.  Illustrated.  2s. i 
54*.  IRON  SHIP-BUILDING.  With  Practical  Examples  and  Details 
for  the  Use  of  Ship  Owners  and  Ship  Builders.  By  John  Grantham,  Con- 
sulting Engineer  and  Naval  Architect.    5th  Edition,  with  Additions.  4s. 

54**.  AN  ATLAS  OF  FORTY  PLATES  to  Illustrate  the  above. 

Fifth  Edition.    4to,  boards.  38s. 

55.  THE  SAILOR'S  SEA  BOOK:  a  Rudimentary  Treatise  on 

Navigation.  Part  I.  How  to  Keep  the  Log  and  Work  it  off.  Part  II.  On 
Finding  the  Latitude  and  Longitude.  By  James  Greenwood,  B.A.  To 
which  are  added,  the  Deviation  and  Error  of  the  Compass ;  Great  Circle 
Sailing;  the  International  (Commercial)  Code  ol  Signals;  the  Rule  of  the 
Road  at  Sea  ;  Rocket  and  Mortar  Apparatus  for  Saving  Life ;  the  Law  ot 
Storms  ;  and  a  Brief  Dictionary  of  Sea  Terms.  With  Coloured  Plates  of 
Fiags.  &c.    New,  and  enlarged  edition.    By  W.  H.  Rosser.    2s.  6d.J 

fii^f3  The  3  indicates*  thai  these  vols,  may  be  haa  strongly  bound  at  6d.  extra. 
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Shipbuilding,  Navigation,  Marine  Engineering,  etc.,  cont. 
80.  MARINE  ENGINES,  AND  STEAM  VESSELS.  By  Robkk  i 
Murray,  C.E.   Eighth  Edition.  [In  preparation. 

SSbis.  THE  FORMS  OF  SHIPS  AND  BOATS:  Hints,  Experiment- 

ally  Derived,  on  some  of  the  Principles  regulating  Ship-building.  By  \V 
Bland. Seventh  Edition,  revised, with  numerous  Illustrations  and  Models. is. od 

99.  NAVIGATION  AND  NAUTICAL  ASTRONOMY,  in  Theory 
and  Practice.  By  Prof.  J.  R.  Young.  New  Edition,  including  the  requisite 
Elements  from  the  Nautical  Almanac  for  working  the  Problems.    2s.  od. 

106.  SHIPS*  ANCHORS,  a  Treatise  on.  By  G.  COTSKLL,  N.A.    is.  6d. 

149.  SAILS  AND   SAIL-MAKING,  an  Elementary  Treatise  on. 

With  Draughting,  and  the  Centre  oi  Effort  of  the  Sails.  Also,  Weigl.ts 
and  Sizes  ot  Ropes ;  Masting,  Rigging,  and  Sails  of  Strain  Wssils,  &c,  Sc. 
Eleventh  Edition,  enlarged,  with  an  Appendix.  By  R0BIR1  Kiitino,  N.A., 
Sail  maker,  Quayside,  Newcastle.    Illustrated.    2s.  td.t 

155.  THE  ENGINEER'S    GUIDE   TO   THE    ROYAL  AND 
MERCANTILE  NAVIES.    By  a  Practical  Engineer.    Revised  by  D. 
F.  M'Carthy,  late  of  the  Ordnance  Survey  Office,  Southampton.  3*. 
55   PRACTICAL  NAVIGATION.     Consisting  of  The  Sailor's 
&     Sea-Rook.    By  James  Greenwood  and  W.  H.  Rosser.    Together  with 
204     tno  re<Ju>si*e  Mathematical  and  Nautical  Tables  for  the  Working  of  the 
Problems.   By  Henry  Law,  C.E.,  and  J.  R.  Young,  formerly  Profettoi  01 
Mathematics  in  Belfast  College.    Illustrated  with  numerous  Wood  Engrav- 
ings and  Coloured  Plates.    7s.    Strongly  half-bound  in  leather. 


AGRICULTURE,  GARDENING,  ETC. 
6 1*.  READY  RECKONER  FOR  THE  ADMEASUREMENT  OF 

LAND,  including  Tables  showing  the  price  of  work  from  2s.  6d.  to  £1  per 
acre,  and  other  useful  Tables.  By  .Abraham  Armas.  Second  Edition, 
corrected  and  extended  by  C.  Nor  r  is,  Surveyor,  &c  2s.  [J ust  published. 

131.  MILLER'S,  MERCHANTS,  AND  FARMER'S  READY 

RECKONER.    With  approximate  values  of  Millstones,  Millwork,  &c.  is. 

140.  SOILS,  MANURES,  AND  CROPS.    (Vol.  1.  Outlines  of 

Modern  Farming.)   By  R.Scott  Born.   Woodcuts.  2s. 

141.  FARMING       FARMING  ECONOMY,  Notes,  Historical  and 

Practical,  on.  (Vol.  2.0utlines  of  Modern  Farming.)  By R.  Scott  BoRJf.  3s. 

142.  STOCK;  CATTLE,   SHEEP,  AND   HORSES.     (Vol.  3. 

Outlines  of  Modern  Farming.)   By  R.  Scott  Burn.  Woodcuts.   2s.  Cd. 

145.  DAIRY,  PIGS,  AND  POULTRY,  Management  of  the.  By 

R.  Scott  Burn.  With  Notes  on  the  Diseases  of  Stock.  (Vol.  4.  Outline's 
of  Modern  Farming.)   Woodcuts.  2s. 

146.  UTILIZATION    OF    SEWAGE,     IRRIGATION,  AND 

RECLAMATION  OF  WASTE  LAND.   (Vol.  5.  Outlinrs  of  Modern 
Farming.)   By  R.  Scott  Burn.    Woodcuts.   2s.  6d. 
*#*  Nos.  140-1-2-5-6,  in  One  Vol.,  handsomely  half-bound,  entitled  u  Outlines  of 
Modern  Farming."   By  Robert  Scott  Burn.    Price  12s. 

177.  FRUIT  TREES,  The  Scientific  and  Profitable  Culture  of.  From 
the  French  of  Du  Brbuil.  Revised  by  Geo.  Glenny.  187  Woodcuts.  3s.  6d.t 

198.  SHEEP;  THE  HISTORY,  STRUCTURE,  ECONOMY,  AND 

DISEASES  OF.    By  W.  C.  Spooner,  M.R.V.C.,  &c.    Fourth  Edition, 
enlarged,  including  Specimens  of  New  and  Improved  Breeds.  3s.  6d.$ 
201.  KITCHEN  GARDENING  MADE  EASY.     Showing  how  to 
prepare  and  lay  out  the  ground,  the  best  means  of  cultivating  every  known 
Vegetable  and  Herb,  &c.   By  George  M.  F.  Glenny.    is.  6d.t 

|£^5"*  The  %  indicates  that  these  vols,  may  be  had  strongly  bound  at  bd.  extra. 
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Agriculture,  Gardening,  etc.,  continued. 

207.  OUTLINES  OF  FARM  MANAGEMENT,  and  the  Organu 

zation  of  Farm  Labour  :  Treating  of  the  General  Work  ot  the  Farm  ;  Field 
and  Live  Stock;  Details  of  Contract  Work;  Specialities  of  Labour,  &c,  &c. 
By  Robert  Scott  Burn.   2s.  6d.? 

208.  OUTLINES  OF  LANDED  ESTATES  MANAGEMENT: 

Treating  of  the  Varieties  of  Lands,  Methods  of  Farming,  Farm  Buildings, 
Irrigation,  Drainage,  &c.  By  R.  Scott  Burn.  2s.  6d4 
*#*  No&.  207  di*?*  208  in  One  Vol.,  handsomely  half-bound,  entitled  "Outlines  oh 
Landed  Estates  and  Farm  Management."    By  R.  Scott  Burn.   Price  6s. 

209.  THE  TREE  PLANTER  AND  PLANT  PROPAGATOR. 

A  Practical  Manual  on  the  Propagation  of  Forest  Trees,  Fruit  Trees, 
Flowering  Shrubs,  Flowering  Plants,  &c.     By  Samuel  Wood.  2s4 

210.  THE  TREE  PRUNER.  A  Practical  Manual  on  the  Pruning  of 

Fruit  Trees,  including  also  their  Training  and  Renovation  ;  also  the  Pruning 
of  Shrubs,  Climbers,  and  Flowering  Plants.    By  Samuel  Wood.    2s. X 
%*  Nos.  209  £>'  210  in  One  Vol.,  handsomely  half-bound,  entitled  "The  Tree 
Planter,  Propagator,  and  Pruner."   By  Samuel  Wood.   Price  $s. 

218.  THE  HA  Y  AND  STRA  W  MEASURER  :  Being  New  Tables 

for  the  Use  of  Auctioneers,  Valuers,  Farmers,  Hay  and  Straw  Dealers,  &c, 
forming  a  complete  Calculator  and  Ready- Reckoner,  especially  adapted  to 
persons  connected  with  Agriculture.  Fourth  Edition.  By  John  Steele.  2s. 

222.  SUBURBAN  FARMING.    The  Laying-out  and  Cultivation  of 

Farms,  adapted  to  the  Produce  of  Milk,  Butter,  and  Cheese,  Eggs,  Poultry, 
and  Pigs,   liy  Prof.  John  Donaldson  and  R.  Scott  Burn.   3s.  6d.t 

231.  THE  ART  OF  GRAFTING  AND  BUDDING.   By  Charles 

Baltet.    With  Illustrations.    2s.  6d.t 

232.  COTTAGE  GARDENING;  or,  Flowers,  Fruits,  and  Vegetables 

for  Small  Gardens.    By  E.  Hobday,    is.  6d. 

in.  GARDEN  RECEIPTS.  Edited  by  Charles  \V.  Quin.  is.6d. 
234.  THE  KITCHEN  AND  MARKET  GARDEN.     By  Con- 

tributors  to  '*  The  Garden."  Compiled  by  C.  W.  Shaw,  Editor  ot  "  Garden- 
ing Illustrated."    430  pp.    3s. + 

239.  DRAINING  AND  EMBANKING.    A  Practical  Treatise,  em- 

bodying the  most  recent  experience  in  the  Application  of  Improved  Methods. 
By  John  Scott,  late  Professor  of  Agriculture  and  Rural  Economy  at  the 
Royal  Agricultural  College,  Cirencester.    With  68  Illustrations,    is.  6d. 

240.  1RRIGA  TION  AND  WA  TER  SUPPL  Y   A  Treatise  on  Water 

Meadows,  Sewage  Irrigation,  Warping,  &c.  ;  on  the  Construction  of  Wells, 
Ponds,  and  Reservoirs;  and  on  Raising  Water  by  Machinery  for  Agricul- 
tural and  Domestic  Purposes.  By  Professor  John  Scott.  With  34  lllustra  • 
tions.    is.  6d. 

241.  FARM  ROADS,   FENCES,  AND    GATES.     A  Practical 

Treatise  on  the  Roads,  Tramways,  and  Waterways  of  the  Earni ;  the 
Principles  of  Enclosures ;  and  the  different  kinds  of  Fences,  Gates,  and 
Stiles.    By  Professor  John  Scott.    With  75  Illustrations,    is.  6d. 

[Just  published. 

242.  FARM  BUILDINGS.    A  Practical  Treatise  on  the  Buildings* 

necessary  for  various  kinds  of  Farms,  their  Arrangement  and  Construction, 
including  Plans  and  Estimates.  By  Professor  John  Scott.  With  105  Illus- 
trations.   2S.  [Just  published. 

\*  Ncs.  239  to  242  form  part  of  Scott's  "  Farm  Engineering  Ikxt-Booka."  TJit 
following  Volumes,  completing  the  Series,  are  in  active  preparation  :  — 
Bakn  Implements  and  Machines.     |     Field  Implements  and  Machines. 
Agricultural  Surveying,  Levelling,  &c. 
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MATHEMATICS,  ARITHMETIC,  ETC. 

32.  MATHEMATICAL  INSTRUMENTS,  a  Treatise  on;  in  which 
their  Construction  and  the  Methods  of  Testing,  Adjusting,  and  Using  them 
are  concisely  Explained.     Hy  J.  K.  Heather,  M.A.,  of  tne  Royil  Military 
Academy,  Woolwich.    Original  Edition,  in  1  vol.,  Illustrated,    is.  od. 
\#  In  ordering  the  above,  becarejul io  say,  "  Original  Edition  "  \No.  j?),  to  iis*in. 
gutsh  it  from  the  Enlarged  Edition  in  3  vols.  (Xos.  168*9-70.) 

70.  DESCRIPTIVE  GEOMETRY,  an  Elementary  Treatise  on; 
with  a  Theory  of  Shadows  and  of  Perspective,  extracted  from  the  French  ol 
G.  Mongs.  To  which  is  added,  a  description  of  the  Principles  and  Practice 
ol  Isometrical  Projection.    By  J.  F.  Hkathbr,  M.A.    With  i\ Plates.  «. 

178.  PRACTICAL  PLANE  GEOMETRY:  giving  the  Simplest 

Modes  ol  Constructing  Figures  contained  in  one  Plana  and  Geometrical  Con- 
struction of  the  Ground.  By  J.  F.  Heather,  M.A.  With  215  Woodcuts.  2s. 

179.  PROJECTION :  Orthographic,  Topographic,  and  Perspective. 

By  J.  F.  Hsathbr,  M.A.  [In  pretention. 

*#*  The  above  three  volumes  will  form  a  Complete  Elementary  Course  or 
Mathematical  Drawino. 

83.  COMMERCIAL  BOOK-KEEPING.  With  Commercial  Phrases 

and  Forms  in  English,  French,  Italian,  and  German.  By  Jamks  Haddon. 
M.A.,  Arithmetical  Master  of  King's  College  School,  London,    is.  3d. 

84.  ARITHMETIC,  a  Rudimentary  Treatise  on :  with  full  Explana- 

tions of  its  Theoretical  Principles,  and  numerous  Examples  for  Practice.  By 
Professor  J.  R.  Young.   Tenth  Edition,  corrected,    is.  od. 
84".  A  Key  to  the  above,  containing  Solutions  in  full  to  the  Exercises,  together 
with  Comments,  Explanations,  and  Improved  Processes,  lor  the  Use  of 
Teachers  and  Unassisted  Learners.    By  J.  R.  Young,    is.  *xl. 

85.  E  Q  CIA  TI ON  A  L  ARITHMETIC,  applied  to  yuestions  of  Interest, 

85*.  Annuities,  Life  Assurance,  and  General  Commerce  ;  witn  various  Tables  by 
which  all  Calculations  may  be  greatly  facilitated.   By  W.  Hu'si.ey  2s. 

86.  ALGEBRA,  the  Elements  of.     By  Jamfs   H addon,  M.A. 

With  Appendix,  containing  miscellaneous  Investigations,  and  a  Collection 
of  Problems  in  various  parts  of  Algebra,  as. 
86*.  A  Key  and  Companion  to  the  above  Hook,  lorming  an  extensive  repository  of 
Solved  Examples  and  Problems  in  Illustration  ol  thd  various  Expedients 
necessary  in  Algebraical  Operations.    By  J.  K.  Y01  n>;.    is.  od. 

88.  EUCLID,  The  Elements  oe  :  with  many  additional  Propositions 

8g.  and  Explanatory  Notes:  to  which  is  prefixed,  an  Introductory  Essay  on 
Logic.   By  Henry  Law,  C.E.   as.  od  * 

Sold  also  separately,  viz.  f —  * 
88.     Euclid,  The  First  Three  Hooks.    Hy  Henry  Law,  C.E.   is.  od. 
80.     Euclid,  Books  4,  5,  6,  11,  12.    Hy  Henry  Law,  C.E.    is.  od. 

90.  ANALYTICAL    GEOMETRY  AND    CONIC  SECTIONS, 

Hy  James  Hann.   A  New  Edition,  by  Professor  J.  R.  Young.  2s.* 

91.  PLANE    TRIGONOMETRY,  the  Elements  of.    By  Jamfs 

Hann,  formerly  Mathematical  Master  ot  King's  College,  London,    is.  6d. 

92.  SPHERICAL  TRIGONOMETRY,  the  Elements  of.    By  James 

Hann.   Revised  by  Charles  H.  Dowuno,  C.E.  is. 

Or  with  M  The  Elements  of  Plant  Trigonometry, "      One  Volume,  2s.  6d. 

93.  MENSURATION  AND  MEASURING.  With  the  Mensuration 

and  Levelling  ot  Land  for  the  Purposes  of  Modern  Engineering.  By  T. 
Baker,  C.E.    New  Edition  bv  E.  Nugent,  C.E.    Illustrated,    is.  6d. 

101.  DIFFERENTIAL  CALCULUS,  Elements  of  the.    By  W.  S.  B. 

Woolhousb,  F.R.A.S.,  &c.    is.  6d. 

102.  INTEGRAL  CALCULUS,  Rudimentary  Treatise  on  the.  By 

Homkrsham  Cox,  B.A.    Illustrated,  is. 

105.  MNEM ONICA L   LESSONS.  —  Geometry,   Algebra,  and 

Trigonometry,  in  Easy  Mnemonical  Lessons.  By  the  Rev.  Thomas 
Penyngton  Kirkman,  M.A.   is.  6d. 

The  t  indicates  that  these  vols,  may  be  had  strongly  bound  at  6d.  extra. 
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Mathematics,  Geometry,  etc.,  continued, 

136.  ARITHMETIC,  Rudimentary,  for  the  Use  of  Schools  and  Self- 

Instruction.    By  Jamks  Haddon,  M.A.   Revised  by  A.  Arman.    is.  6d. 

137.  A  Key  to  Haddon's  Rudimentary  Arithmetic.   By  A.  Arman.   is.  6d. 

168.  DRAWING  AND  MEASURING  INSTRUMENTS.  Includ- 

ing— I.  Instruments  employed  in  Geometrical  and  Mechanical  Drawing, 
and  in  the  Construction,  Copying,  and  Measurement  of  Maps  and  Plans. 
,11.  Instruments  used  for  the  purposes  of  Accurate  Measurement,  and  for 
Arithmetical  Computations.    By  J.  F.  Heather,  M.A.   Illustrated,   is.  6d 

169.  OPTICAL  INSTRUMENTS.    Including  (more  especially)  Tele- 

scopes,  Microscopes,  and  Apparatus  for  producing  copies  of  Maps  and  Plans 
by  Photography.    By  J.  F.  Heather,  M.A.    Illustrated,    is.  6d. 

170.  SURVEYING  AND  ASTRONOMICAL  INSTRUMENTS. 

Including — I.  Instruments  Used  for  Determining  the  Geometrical  Features 
of  a  portion  of  Ground.  II.  Instruments  Employed  in  Astronomical  Observa- 
tions.   By  J.  F.  Heather,  M.A.    Illustrated,    is.  6d. 
#*  The  above  three  volumes  form  an  enlargement  of  the  Author's  original  work, 
"Mathematical  Instruments."    {See  No.  32  in  the  Series.) 

X68.-J  MATHEMATICAL  INSTRUMENTS.    By  J.  F.  Heather, 

169.  r  M.A.  Enlarged  Edition,  for  the  most  part  entirely' re-written.  The  3  Parts  as 

170.  )  above,  in  One  thick  Volume.  With  numerous  Illustrations.  4s.  6d.t 

'58.  THE  SLIDE  RULE,  AND  HOW  TO  USE  IT;  containing 
full,  easy,  and  simple  Instructions  to  perform  all  Business  Calculations  with 
unexampled  rapidity  and  accuracy.  By  Charles  Hoare,  C.E.  With  a 
Slide  Rule  in  tuck  of  cover.    2s.  6d.t 

96.  THEORY  OF  COMPOUND  INTEREST  AND  ANNUI- 
TIES ;  with  Tables  of  Logarithms  for  the  more  Difficult  Computations  of 
Interest,  Discount,  Annuities,  &c.    By  F£dor  Thoman.    4s. t 

199.  INTUITIVE  CALCULATIONS;  or,  Easy  Methods  of  Perform- 
ing  the  Arithmetical  Operations  required  in  Commercial  and  Business  Trans- 
actions ;  with  Full  Explanations  of  Decimals  and  Duodecimals  ;  Tables,  &c. 
By  D.  O'Gorman.    Twenty-fifth  Edition,  by  Prof.  J.  R.  Young.  3S.4: 

204.  MATHEMATICAL  TABLES,  for  Trigonometrical,  Astronomical, 
and  Nautical  Calculations  ;  to  which  is  prefixed  a  Treatise  on  Logarithms. 
By  Henry  Law,  C.E.  Together  with  a  Series  of  Tables  for  .Navigation 
and  Nautical  Astronomy.    By  Professor  J.  R.  Young.    3s.  6d.$ 

221.  MEASURES,  WEIGHTS,  AND  MONEYS  OF  ALL  NA- 
TIONS, and  an  Analysis  of  the  Christian,  Hebrew,  and  Mahometan 
Calendars.  By  W.  S.  B.  Woolhouse,  F.R.A.S.,  F.S.S.  Sixth  Edition.  2s4 

227.  MATHEMATICS  AS  APPLIED  TO  THE  CONSTRUC- 
TIVE ARTS.  Illustrating  the  various  processes  of  Mathematical  Investi- 
gation, by  means  of  Arithmetical  and  Simple  Algebraical  Equations  and 
Practical  Examples.    By  Francis  Campin,  C.E.    Second  Edition.  3s.? 


PHYSICAL   SCIENCE,   NATURAL  PHILO- 
SOPHY, ETC. 

1.  CHEMISTRY.    By  Professor  George  Fownes,  F.R.S.  With 

an  Appendix  on  the  Application  of  Chemistry  to  Agriculture,  is. 

2.  NATURAL  PHILOSOPHY,  Introduction  to  the  Study  of.  By 

C.  Tomlixson.    Woodcuts,    is.  6d. 

6.  MECHANICS,  Rudimentary  Treatise  on.    By  Charles  Tom- 

linson.    Illustrated,    is.  6d. 

7.  ELECTRICITY;  showing  the  General  Principles  of  Electrical 

Science,  and  the  purposes  to  which  it  has  been  applied.  By  Sir  W.  Snow 
Harris,  F.R.S.,  &c.    With  Additions  by  R.  Sabine,  C.E.,  F.S.A.    is.  6d. 

7*.  GALVANISM.    By  Sir  W.  Snow  Harris.    New  Edition  by 
Robert  Sabine,  C.E.,  F.S.A.    is.  6d. 

8.  MAGNETISM ;  being  a  concise  Exposition  of  the  General  Prin- 

ciples of  Magnetical  Science,  and  the  Purposes  to  which  it  has  been  applied. 
By  Sir  W.  Snow  Harris.    New  Edition,  revised  and  enlarged  by  H.  M. 

 Noad,   Ph.D.    With  165  Woodcuts.    3s.  6d.j  

The  t  indicates  that  these  vols,  may  be  had  strongly  bound  at  6d.  extra, 
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Physical  Science,  Natural  Philosophy,  etc.,  continued. 

11.  THE  ELECTRIC  TELEGRAPH  ;  its  History  and  Progress; 

with  Descriptions  of  some  of  the  Apparatus.  By  R.  Sarins,  C.E.,  F.S.A.  3s. 

12.  PNEUMATICS,  for  the    Use  of  Beginners.     By  Charles 

Tom lin son.    Illustrated,    is.  6d. 
72.  MANUAL  OF  THE  MOLLUSCA  ;  a  Treatise  on  Recent  and 
Fossil  Shells.    By  Dr.  S.  P.  Woodward,  A.L.S.    Fourth  Edition.  With 
Appendix  by  Ralph  Tats,  A.L.S.,  F.G.S.    With  numerous  Plates  and  30c 
Woodcuts.    6s.  Oil.    Cloth  boards,  7s.  Gd 

96.  ASTRONOMY.    By  the  late  Rev.  Robert  Main,  M  A.  Third 

Edition,  by  William  Thynne  Lynn,  B.A.,  F.R.A.S.  2s. 

97.  STATICS  AND  DYNAMICS,  the  Principles  and  Practice  of; 

embracing  also  a  clear  development  of  Hydrostatics,  Hydrodynamics,  and 
Central  Forces.  By  T.  Baker,  C.E.  is.  6d. 
138.  TELEGRAPH,  Handbook  of  the;  a  Guide  to  (Candidates  for 
Employment  in  the  Telegraph  Service.  By  R.  Bond.  Fourth  Edition. 
Including  Questions  on  Magnetism,  Electricity,  and  Practical  Telegraphy, 
by  W.  McGregor.  $%.t 

173.  PHYSICAL  GEOLOGY,  partly  based  on  Major-General  Port- 

lock's  "Rudiments  of  Geology."  By  Ralph  Tats,  A.L.S.  ,8cc.  Woodcuts.  »s. 

174.  HISTORICAL    GEOLOGY,   partly   based   on  Major-General 

Portlock's  "  Rudiments."  By  Ralph  Tate,  A.L.S.,  &c.  Woodcuts.  2s.  6d. 
173  RUDIMENTARY  TREATISE  ON  GEOLOGY,  Physical  and 

8c  Historical.  Partly  based  on  Major-General  Portlock's  "  Rudiments  of 
174.  Geology."  By  Ralph  Tate,  A.L.S.,  F.G.S. ,  &c.  In  One  Volume.  4s.  6d.| 
183  ANIMAL  PHYSICS,  Handbook  of.    By  Dr.  Lardnrr,  D.C.L., 

&  formerly  Professor  of  Natural   Philosophy  and  Astronomy  in  University 

181  College,  Loud.  With  520  Illustrations.    In  One  Vol.   7s.  6d.,  cloth  boards. 

^*  *##  Sold  also  in  Two  Parts,  as  follow*  : — 

183.  Animal  Physics.    By  Dr.  Lardnhr.    Part  I.,  Chapters  I.— VII.  4s. 

184.  Animal  Physics.   By  Dr.  Lardner.   Part  II.,  Chapters  VIII. — XVIII.  3s. 


FINE  ARTS. 

20.  PERSPECTIVE  FOR  BEGINNERS.     Adapted    to  Young 

Students  and  Amateurs  in  Architecture,  Painting,  8cc.  By  George  Pyne.  2s. 

40  GLASS  STAINING,  AND  THE  ART  OF  PAINTING  ON 

&4I.  GLASS.  From  the  German  of  Dr.  GBSshnr  and  Kmanl  kl  Otto  Frum- 
bkkg.   With  an  Appendix  on  The  Art  of  Enamelling.    2s.  6d. 

69.  MUSIC,  A  Rudimentary  and  Practical  Treatise  on.  With 
numerous  Examples.   By  Charles  Child  Spencer.    2s.  6d. 

71.  PIANOFORTE,  The  Art  of  Playing  the.  With  numerous  Exer- 
cises 8c  Lessons  from  the  Best  Masters.  By  Charles  Child  Sphncer.  js.6d. 

69-71.  MUSIC  &  THE  PIANOFORTE.  In  one  vol.  Half  bound,  5s. 
181.  PAINTING  POPULARLY  EXPLAINED,  including  Fresco, 

Oil,  Mosaic,  Water  Colour,  Water-Glass,  Tempera,  Encaustic,  Miniature, 
Painting  on  Ivorv,  Vellum.  Pottery,  Enamel,  Glass.  &c.  With  Historical 
Sketches  of  the  Progress  of  the  Art  by  Thomas  John  Gtllick,  assisted  by 
John  Timbs,  F.S.A.   Fourth  Edition,  revised  and  enlarged.    5s. % 

186.  A  GRAMMAR  OF  COLOURING,  applied  to  Decorative 
Painting  and  the  Arts.  By  George  Field.  New  Edition,  enlarged  and 
adapted  to  the  Use  of  the  Ornamental  Painter  and  Designer.  By  Ellis  A. 
Davidson.    With  two  new  Coloured  Diagrams,  &c.  3s.* 

246.  A  DICTIONARY  OF  PAINTERS,  AND  HANDBOOK  FOR 

PICTURE  AMATEURS;  including  Methods  of  Painting,  Cleaning,  Re- 
lining  and  Restoring,  Schools  of  Painting,  8cc.  With  Notes  on  the  Copyist? 
and  Imitators  of  each  Master.    By  Philippe  Daryl.    2s.  6d.J  ■ 

The  X  indicates  that  these  vols,  may  be  had  strongly  bound  at  6d.  extra. 
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INDUSTRIAL  AND  USEFUL  ARTS. 

23.  BRICKS  AND  TILES,  Rudimentary  Treatise  on  the  Manufac- 
ture of;  containing  an  Outline  of  the  Principles  of  Brickmaking.  By  Edw. 
Douson,  M.R.I. B.A.  AVith  Additions  by  C.  Tomlinson,  F.R.S.  Illustrated,  3s.* 

67.  CLOCKS,  WATCHES,  AND  BELLS,  a  Rudimentary  Treatise 
on.  By  Sir  Edmund  Beckett,  LL.D.,  Q.C.  Seventh  Edition,  revised  and  en- 
larged.   4s.  6d.  limp  ;  5s.  6d.  cloth  boards. 

83**.  CONSTRUCTION  OF  DOOR  LOCKS.    Compiled  from  the 
Papers  of  A.  C.  Hobbs,  and  Edited  by  Charles  Tomlinson,  F.R.S.  With 
Additions  by  Robert  Mallet,  M.l.C.E.    Illus.   2s.  6d. 
162.  THE  BRASS  FOUNDER'S   MANUAL;    Instructions  for 

Modelling,    Pattern-Making,   Moulding,    Turning,    Filing,  Burnishing, 
Bronzing,  &c.  With  copious  Receipts,  &c.    By  Walter  Graham.  2s.* 
205.  THE  ART  OF  LETTER  PAINTING  MADE  EASY.  By 

J.  G.  Badenoch.   Illustrated  with  12  full-page  Engravings  of  Examples,  is, 
215.  THE  GOLDSMITH'S  HANDBOOK,  containing  full  Instruc- 
tions for  the  Alloying  and  Working  of  Gold.    By  George  E.  Gee,  3s.* 

224.  COACH  BUILDING,   A  Practical   Treatise,   Historical  and 

Descriptive.    By  J.  W.  Burgess.    2s.  6d.i 

225.  THE  SILVERSMITH'S  HANDBOOK,  containing  full  In- 

structions  for  the  Alloving  and  Working  of  Silver.  By  George  E.  Gee.  js.< 

235!  PRACTICAL  ORGAN  BUILDING.     Bv  W.  E.  Dickson, 

M.A.,  Precentor  of  Ely  Cathedral.  Illustrated.  2s.  6d.J 


MISCELLANEOUS  VOLUMES. 

36.  A  DICTIONARY  OF  TERMS  used  in  ARCHITECTURE, 
BUILDING,  ENGINEERING,  MINING,  METALLURGY,  ARCHE- 
OLOGY, the  FINE  ARTS,  &>c.  By  John  Weale.  Fifth  Edition.  Revised 
by  Robert  Hunt,  F.R.S.  Illustrated.  5s.  limp  ;  6s.  cloth  boards. 
50.  THE  LAW  OF  CONTRACTS  FOR  WORKS  AND  SER- 
VICES. By  David  Gibbons.  Third  Edition,  enlarged.  3s.* 
112.  MANUAL  OF  DOMESTIC  MEDICINE.    By  R.  Gooding, 

B.A.,  M.D.    Intended  as  a  Family  Guide  in  all  Cases  ©f  Accident  and 

Emergency.    Third  Edition.  2s.i 

112*,  MANAGEMENT  OF  HEALTH.    A  Manual  of  Home  and 
Personal  Hygiene.    By.the  Rev.  James  Baird,  B.A.  is. 
150.  LOGIC,  Pure  and  Applied.    By  S.  H.  Emmens.     is.  6d. 

153.  SELECTIONS    FROM   LOCKE'S    ESSAYS    ON  THE 

HUMAN  UNDERSTANDING.   With  Notes  by  S.  H.  Emmens.  2s. 

154.  GENERAL  HINTS  TO  EMIGRANTS.   Notices  of  the  various 

Fields  for  Emigration,  Hints  on  Outfits,  Useful  Recipes,  &c.  2s. 

157.  THE  EMIGRANTS  GUIDE  TO  NATAL.     By  Robert 
James  Mann,  F.R.A.S.,  F.M.S.   Second  Edition.   Map.  2s. 

193.  HANDBOOK  OF  FIELD  FORTIFICATION,  intended  for  the 

Guidance  of  Officers  Preparing  for  Promotion.  By  Major  W.  W. 
Knollys,  F.R.G.S.   With  163  Woodcuts.  3s4t 

194.  THE  HOUSE  MANAGER:  Being  a  Guide  to  Housekeeping. 

Practical    Cookery,  Pickling   and  Preserving,  Household  Work,  Dairy 
Management,  the  Table  and  Dessert,  Cellarage  of  Wines,  Home-brewing 
and  Wine-making,  the  Boudoir  and  Dressing-room,  Travelling,  Stable 
Economy,  Gardening  Operations,  &c.  .  By  An  Old  Housekeeper.   3s.  6&.% 
194.  HOUSE  BOOK  {The).  Comprising  :— I,  The  House  Manager. 
112.     By  an  Old  Housekeeper.    II.  Domestic  Medicine.    By  Ralph  Gooding, 
j>      M.D,    III.  Management  of  Health.   By  James  Baird.    In  One  Vol., 
^  ^     strongly  half-bound.  6s. 
112*.  to  *  
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EDUCATIONAL  AND  CLASSICAL  SERIES. 


HISTORY. 

1.  England,  Outlines  of  the  History  of;  more  especially  with 

reference  to  the  Origin  and  Progress  of  ths  English  Constitution  By 
William  Douglas  Hamilton,  F.S.A.,  of  Hrr  Majesty's  Public  Record 
Office.   4th  Edition,  revised.    5s. ;  cloth  boards.  6s. 

5.  Greece,  Outlines  of  the  History  of;  in  connection  with  th- 

Rise  of  the  Arts  and  Civilization  in  Europe.  By  W.  Douglas  Hamilton, 
of  University  College,  London,  and  Edward  Levien,  M.A.,  of  Balliol 
College,  Oxford.   2s.  6d. ;  cloth  boards,  3s.  6d. 

7.  Rome,  Outlines  of  the  History  of:  from  the  Earliest  Period 

to  the  Christian  Era  and  the  Commencement  of  the  Decline  of  the  Empir?. 
By  Edward  Levien,  of  Halliol  College,  Oxford.  Map,  2s.  6d. ;  cl.  bds.  35  ul 

9.  Chronology  of  History,  Art,  Literature,  and  Progress, 
from  the  Creation  of  the  World  to  the  Conclusion  of  the  Franco •Gensuui  War. 
The  Continuation  by  W.  D.  Hamilton,  F.S.A.    3s.  ;  c  loth  boards,  3s.  td. 

50.  Dates  and  Events  in  English  History,  for  the  use  of 

Candidates  in  Public  and  Private  Examinations.    By  the  Rev.  E.  Rand.  is. 


ENGLISH  LANGUAGE  AND  MISCELLANEOUS. 

11.  Grammar  of  the  English  Tongue,  Spoken  and  Written. 

With  an  Introduction  to  the*  Study  of  Comparative  Philology.  "  By  Hyds 
Clakkb,  D.C.L.  Fourth  Edition,  It.  6d. 
II*.  Philology:  Handbook  of  the  Comparative  Philology  of  English. 
Anglo-Saxon,  Frisian,  Flemish  or  Dutch,  Low  or  Piatt  Dot4  h,  Higb  Dutch 
or  German,  Danish,  Swedish,  Icelandic,  Latin,  Italian,  French,  Spanish,  and 
Portuguese  Tongues.    Ry  Hvdk  Curkk,  D.C.L.  is. 

12.  Dictionary  of  the  English   Language,  as  Spoken  and 

Written.  Containing  above  100,000  Words,  By  Hydi  Clarke,  D.C.L. 
3s.  6d. ;  cloth  boards,  4s.  6d.  ;  complete  with  the  Gkammak,  c  loth  bds.,  ss.Cd. 

48.  Composition   and  Punctuation,  familiarly  Explained  for 

those  who  have  neglected  the  Study  of  Grammar.  By  JutTIM  Brbnan. 
17th  Edition,    is.  6d. 

49.  Derivative  Spelling-Book:  Giving  the  Origin  of  Every  Word 

from  the  Greek,  Latin,  Saxon,  German,  Teutonic,  Dutch,  French,  Spanish, 
and  other  Languages;  with  their  present  Acceptation  and  Pronunciation. 
Ky  J.  Rowbotham,  F.R.A.S.   Improved  Edition.  is.Cd. 

51.  The  Art  of  Extempore  Speaking  :  Hints  for  the  Pulpit,  the 

Senate,  and  the  Bar.  By  M.  Baltain,  Vi<  ar- General  and  Professor  at  the 
Sorbonne.  Translated  from  the  French.  7th  Edition,  carefully  corrected.  2s.'«!. 

52.  Mining  and  Quarrying,  with  the  Sciences  connected  there* 

with.  First  Book  of,  for  Schools.  By  J.  H.  Collins,  F.G.S.,  Lactam  to 
the  Miners'  Association  of  Cornwall  and  Devon,  is. 

53.  Places  and  Facts  in  Political  and  Physical  Geography, 

for  Candidates  in  Examinations.    By  the  Rev.  Edgar  Rand,  B.A.  is. 

54.  Analytical  Chemistry,  Qualitative  and  Quantitative,  a  Course 

of.  To  which  is  prefixed,  a  Brief  Treatise  upon  Modern  Chemical  Nomencla- 
ture and  Notation.    By  WM.  W.  Pink  and  George  E.  Webster.  2s. 
THE   SCHOOL   MANAGERS'  SERIES  OF  READING 
BOOKS, 

Editod  by  the  Rev.  A.  R.  Grant,  Rector  of  Hitcham,  and  Honorary'  Canon  of  Fly  j 
formerly  H.M.  Inspector  of  Schools. 
Introductory  Primer,  id. 

s.  d.  d. 
First  Standard  .  .06  Fourth  Standard  .  .  .12 
Second  .      .   o  10      Fifth  „  .      .      .   1  fc 

Third       „  ..10      Sixth  „  ...16 

Lessons  from  the  Bible.   Part  I.   Old  Testament,  is. 
Lessons  from  the  Bible.    Part  II.    New  Testament,  to  which  is  added 
The  Geography  of  the  Bible,  for  very*  young  Children.   By  Rev.  C 
Thornton  Forstbr.    is.  2d.   %*  Or  the  Two  Parts  in  One  Volume.  2s. 
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FRENCH. 

24.  French  Grammar.    With  Complete  and  Concise  Rules  on  the 

Genders  of  French  Nouns.    By  G.  L.  Strauss,  Ph.D.    is.  6d. 

25.  French-English  Dictionary.    Comprising  a  large  number  of 

New  Terms  used  in  Engineering,  Mining,  &c.    By  Alfred  Elwes.    is.  6d. 

26.  English-French  Dictionary.   By  Alfred  Elwes.  ss. 
25,26.  French  Dictionary  (as  above).    Complete,  in  One  Vol.,  3s.; 

cloth  boards,  3s.  6d.   *#*  Or  with  the  Grammar,  cloth  boards,  4s.  6d. 

47.  French  and  English  Phrase  Book  :  containing  Intro- 
ductory Lessons,  with  Translations,  several  Vocabularies  of  Words,  a  Col- 
lection of  suitable  Phrases,  and  Easy  Familiar  Dialogues,    is.  6d. 


GERMAN. 

39.  German  Grammar.     Adapted  for  English  Students,  from 

Heyse's  Theoretical  and  Practical  Grammar,  by  Dr.  G.  L.  Strauss,    is.  6d. 

40.  German  Reader :  A  Series  of  Extracts,  carefully  culled  from  the 

most  approved  Authors  of  Germany ;  with  Notes,  Philological  and  Ex- 
planatory.   By  G.  L.  Strauss,  Ph.D.  is. 

41-43.  German  Triglot  Dictionary.    By  Nicholas  Esterhazy 

S.  A.  Hamilton.  In  Three  Parts.  Part  I.  German -French-English. 
Part  II.    English-German-French.    Part  III.  French-German-English. 

3s.,  or  cloth  boards,  4s. 

41-43  German  Triglot  Dictionary  (as  above),  together  with  'German 

&  39.    Grammar  (No.  39),  in  One  Volume,  cloth  boards,  5s. 


ITALIAN. 

27.  Italian  Grammar,  arranged  in  Twenty  Lessons,  with  a  Course 

of  Exercises.    By  Alfred  Elwes.    is.  6d. 

28.  Italian  Triglot  Dictionary,  wherein  the  Genders  of  all  the 

Italian  and  French  Nouns  are  carefully  noted  down.  By  Alfred  Elwes. 
Vol.  1.  Italian-English-French.    2s.  6d. 

30.  Italian   Triglot    Dictionary.     By  A.  Elwes.     Vol.  2. 

English-French-Italian.    2s.  6d. 

32.  Italian  Triglot  Dictionary.    By  Alfred  Elwes.   Vol.  3. 

French-Italian-English.    2s.  6d. 

28,30,  Italian  Triglot  Dictionary  (as  above).    In  One  Vol.,  7s.  6d. 

32.     Cloth  boards. 


SPANISH  AND  PORTUGUESE. 

34.  Spanish  Grammar,  in  a  Simple  and  Practical  Form.  With 

a  Course  of  Exercises.    By  Alfred  Elwes.    is.  6d. 

35.  Spanish-English  and  English-Spanish  Dictionary. 

Including  a  large  number  of  Technical  Terms  used  in  Mining,  Engineering,  &c, 
with  the  proper  Accents  and  the  Gender  of  every  Noun.  By  Alfred  Elwes. 
4s. ;  clotn  boards,  5s.   %*  Or  with  the  Grammar,  cloth  boards,  6s. 

55.  Portuguese  Grammar,  in  a  Simple  and  Practical  Form. 

With  a  Course  of  Exercises.    By  Alfred  Elwes.    is.  6d. 

56.  Portuguese-English  and   English-Portuguese  Dic- 

tionary, with  the  Genders  of  each  Noun.   By  Alfred  Elwes. 

^   [Nearly  ready, 

HEBREW. 

46*.  Hebrew  Grammar.   By  Dr.  Bresslau.    is.  6d. 
44.  Hebrew  and  English  Dictionary,  Biblical  and  Rabbinical ; 

containing  the  Hebrew  and  Chaldee  Roots  of  the  Old  Testament  Post- 
Rabbinical  Writings.  By  Dr.  Bresslau.  6s. 

46.  English  and  Hebrew  Dictionary.  By  Dr.  Bresslau.  3s. 
44,46.  Hebrew  Dictionary  (as  above),  in  Two  Vols.,  complete,  with 

46*.     the  Grammar,  cloth  boards,  12s. 


LONDON:  CROSBY  LOCKWOOD  AND  CO., 


WEALE'S  EDUCATIONAL  AND  CLASSICAL  SERIES.  15 


LATIN. 

19.  Latin  Grammar.    Containing  the  Inflections  and  Elementary 

Principles  of  Translation  and  Construction.  Hy  the  Rev.  Thomas  Goodwin, 
M.A.,  Head  Master  of  the  Greenwich  Proprietary  School,  is. 

20.  Latin-English  Dictionary.  By  the  Rev.  Thomas  Goodwin, 

M.A.  29. 

22.  English-Latin   Dictionary;  together  with  an  Appendix  of 
French  and  Italian  Words  which  have  their  origin  horn  the  Latin.    By  the 
Rev.  Thomas  Goodwin,  M.A.   is.  6d. 
:o,22.  Latin  Dictionary  (as  above).    Complete  in  One  Vol.,  3s.  6d. 
cloth  boards,  4s.  6d.   \m  Or  with  the  Grammar,  cloth  boards,  5s.  6d. 
LATIN  CLASSICS.    With  Explanatory  Notes  in  English, 

1.  Latin  Delectus.    Containing  Extracts  from  Classical  Authors, 

with  Genealogical  Vocabularies  and  Explanatory  Notes,  by  H.  You.sp.  is.  6d. 

2.  Caesaris  Commentarii  de  Bello  Gallico.  Notes,  and  a  Geographical 

Register  tor  the  Use  ot  Schools,  by  H.  Young.  It. 

3.  Cornelius  Nepos.    With  Notes.    By  H.  Young,  is. 

4.  Virgilii  Maronis  Bucolica  et  Georgica.  With  Notes  on  the  Buco- 

lics by  W.  Rushton,  M.A.,  and  on  the  (Jeorgics  by  H.  Yolwg.    is.  6d. 

5.  Virgilii  Maronis  ^neis.    With  Notes,  Critical  and  Explanatory, 

by  H.  Young.  New  Edition,  revised  and  improved  With  copious  Addi- 
tional Notes  by  Rev.  I'.  U.  L.  Lbarv,  D.C.L.,  iormczly  Scholar  01  Brasenose 
College,  Oxlord.  3s. 

S*  Part  1.    Books  i.— vi.,  is.  6d. 

S**    Part  2.    Books  vii. — xii.,  2s. 

6.  Horace;  Odes,  Epode,  and  Carmen  Saeculare.    Notes  by  H. 

Young,   is.  od. 

7.  Horace  ;  Satires,  Epistles,  and  Ars  Poetica.  Notes  by  W.  Brown- 

rigo  Smiih,  M.A.,  F.R.G.S.   is.  6d. 

8.  Sallustii  Cnspi  Catalina  et  Bellum  Jugurthinum.  Notes,  Critical 

and  Explanatory,  by  W.  M.  Donnb,  B.A.,  Trin.  Coll.,  Cam.    is.  6d. 

9.  Terentii  Andria  et  Heautontimorumenos.    With  Notes,  Critical 

and  Explanatory,  by  the  Rev.  James  Davibs,  M.A.    is.  6d. 

10.  Terentii  Adelphi,  Hecyra,  Phormio.  Edited,  with  Notes,  Critical 

and  Explanatory,  by  the  Rev.  Jambs  Davibs,  M.A.  2s. 

11.  Terentii  Eunuchus,  Comoedia.  Notes,  by  Rev.  J.  Davies,  M.A. 

is.  6d. 

12.  Ciceronis  Oiatio  pro  Sexto  Roscio  Ameiino.    Edited,  with  an 

Introduction,  Analysis,  and  Notes,  Explanatory  and  Critical,  by  the  Rev. 
Jambs  Davibs,  M.A.   is.  od. 

13.  Ciceronis  Orationes   in   Catilinam,  Verrem,  et   pro  Archia. 

With  Introduction,  Analysis,  and  Notes,  Explanatory  and  Critical,  by  Rev. 
T.  H.  L.  Lbary,  D.C.L.  lormerly  Scholar  ot  Braseuose  College,  Oxford, 
is.  6d. 

14.  Ciceronis  Cato  Major,  JLaelius,  Brutus,  sive  de  Senectute,  de  Ami- 

citia,  de  Claris  Oratoribus  Dialogi.  With  Notes  by  W.  Brownrigo  Smiih, 
M.A.,  F.R.G.S.  cs. 

16.  Livy  :  History  ot  Rome.  Notes  by  H.  Young  and  W.  B.  Smith, 

M.A.    Part  r.    Boots  L,  11.,  is.  6d. 
16*.  Part  2.    .Books  iii.,  iv.,  v.,  is.  6d. 

17.    Part  3.    Hooks  xxi.,  xxii.,  is.  6d. 

19.  Latin  Verse  Selections,  trom  Catullus,  Tibullus,  Propertius. 

and  Ovid.  Notes  by  W.  B.  Donnb,  M.A.,  Trinity  College,  Cambridge.  2% 

20.  Latin  Prose  Selections,  trom  Varro,  Columella,  Vitruvius, 

Seneca,  Ouintilian,  Floras,  Velleius  Paterculus,  Valerius  Maximus  Sueto- 
nius, Apuleius,  «tc.   Notes  by  W.  B.  Donnb,  M.A.  2s. 

21.  Juvenalis  Satirae.    With  Prolegomena  and  Notes  by  T.  H.  S. 

JiscoTT,  B.A-,  Lecturer  on  Logic  at  King's  College,  London.  23. 
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GREEK. 

14.  Greek  Grammar,  in  accordance  with  the  Principles  and  Philo- 
logical Researches  of  the  most  eminent  Scholars  of  cur  own  day.  By  Hans 
Claude  Hamilton,    is.  6d. 

15,17.  Greek  Lexicon.  Containing  all  the  Words  in  General  Use,  with 

their  Significations,  Inflections,  and  Dcubtful  Quantities.  By  Henry  R. 
Hamilton.  Vol.  1.  Greek-English,  2s.  6d.;  Vol.  2.  English-Greek,  2s.  Or 
the  Two  Vols,  in  One,  4s.  6d. :  cloth  boards,  5s. 

r4, 15.  Greek  Lexicon  (as  above).    Complete,  with  the  Grammar,  in 

17.  One  Vcl.,  cloth  boards,  6s. 

GREEK  CLASSICS.    With  Explanatory  Notes  in  English. 
1.  Greek  Delectus.    Containing  Extracts  from  Classical  Authors, 

with  Genealogical  Vocabularies  and  Explanatory  Notes,  byH.  Young.  New 
Edition,  with  an  improved  and  enlarged  Supplementary  Vocabulary,  by  John 
Hutchison,  M.A.,  of  the  High  School,  Glasgow,  is.  6d. 
2,  3.  Xenophon's  Anabasis;  or,  The  Retreat  of  the  Ten  Thousand. 
Notes  and  a  Geographical  Register,  by  H.  Young.  Part  1.  Books  i.  to  iii., 
is.    Part  2.  Books  iv.  to  vii.,  is. 

4.  Lucian's  Select  Dialogues.    The  Text  carefully  revised,  with 

Grammatical  and  Explanatory  Notes,  by  H.  Young,    is.  6d. 
5-12.  Homer,  The  Works  of.    According  to  the  Text  of  Baeumlein. 

With  Notes,  Critical  and  Explanatory,   drawn  from  the  best  and  latest 
Authorities,  with  Preliminary  Observations  and  Appendices,  by  T.  H.  L. 
Leary,  M.A.,  D.C.L. 
The  Iliad  :       Part  1.  Books  i.  to  vi.,  is.6d.      Part  3.  Books  xiii.  to  xviii.,  is.  6d. 

Part  2.  Books  vii.  to  xii.,  is.6d.      Part  4.  Books  xix.  to  xxiv.,  is.  6d. 
The  Odyssey:  Parti.  Books  i.  to  vi.,  is.  6d       Part  3.  Books  xiii.  to  xviii.,  is.  6d. 

Part  2.  Books  vii.  to  xii.,  is.  6d.      Part  4.  Books  xix.  to  xxiv.,  and 
Hymns,  2s. 

13.  Plato's  Dialogues :  The  Apology  of  Socrates,  the  Crito,  and 
the  Phaedo.  From  the  Text  of  C.  F.  Hermann.  Edited  with  Notes,  Critical 
and  Explanatory,  by  the  Rev.  James  Davies,  M.A.  2s. 
14-17.  Herodotus,  The  History  of,  chiefly  after  the  Text  of  Gaisford. 

With  Preliminary  Observations  and  Appendices,  and  Notes,  Critical  and 
Explanatory,  by  T.  H.  L.  Leary,  M.A.,  D.C.L. 

Part  1.    Books  i.,  ii.  (The  Clio  and  Euterpe),  2s. 

Part  2.    Books  iii.,  iv.  (The  Thalia  and  Melpomene),  2s. 

Part  3.    Books  v.-vii.  (The  Terpsichore,  Erato,  and  Polymnia),  2s. 

Part  4.    Books  viii.,  ix.  (The  Urania  and  Calliope)  and  Index,  is.  6d. 

18.  Sophocles:  GEdipus  Tyrannus.    Notes  by  H.  Young,  is. 

20.  Sophocles:  Antigone.    From  the  Text  of  Dindorf.  Notes, 

Critical  and  Explanatory,  by  the  Rev.  John  Milner,  B.A.  2s. 

23.  Euripides  :  Hecuba  and  Medea.  Chiefly  from  the  Text  of  Din- 
dorf. With  Notes,  Critical  and  Explanatory,  'by  W.  Brownrigg  Smith, 
M.A.,  F.R.G.S.   is.  6d. 

26.  Euripides:  Alcestis.    Chiefly  from  the  Text  of  Dindorf.  With 

Notes,  Critical  and  Explanatory,  by  John  Milner,  B.A.    is.  6d. 

30.  ^Eschylus  :  Prometheus  Vinctus  :  The  Prometheus  Bound.  From 
the  Text  of  Dindorf.  Edited,  with  English  Notes,  Critical  and  Explanatory, 
by  the  Rev.  James  Davies,  M.A.  is. 

32.  ^Eschylus  :  Septem  Contra  Thebes  :  The  Seven  against  Thebes. 
From  the  Text  of  Dindorf.  Edited,  with  English  Notes,  Critical  and  Ex- 
planatory, by  the  Rev.  James  Davies,  M.A.  is. 

40.  Aristophanes :  Acharnians.    Chiefly  from  the  Text  of  C.  H. 

Weise.   With  Notes,  by  C.  S.  T.  Townshend,  M.A.    is.  6d. 

41.  Thucydides:  History  of  the  Peloponnesian  War.    Notes  by  H. 

Young.   Book  1.  is. 

-\2.  Xenophon's  Panegyric  on  Agesilaus.  Notes  and  Intro- 
duction by  Ll.  F.  W.  Jewitt.   is.  6d.  . 

43.  Demosthenes.  The  Oration  on  the  Crown  and  the  Philippics, 
With  English  Notes.  By  Rev.  T.  H.  L.  Leary,  D.C.L.,  formerly  Scholar  of 
Brasenose  College,  Oxford,    is.  6d.   ^> 
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